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INTRODUCTION 



The object of the following pages is to give such a clear 
and concise account of the History of the Telephone, 
as shall enable the general reader to understand and ap- 
preciate the difficulties that have been already overcome, 
and what is still required for the perfecting of this in- 
teresting instrument, and to give such a fall and detailed 
description of its construction and of the principles involved 
therein, and in such a manner that even those who know 
little or nothing of the Sciences connected therewith may 
clearly understand its working, and that the careful reader 
may, without the possibility of failure, be able to make the 
instrument for his own amusement, and may reasonably 
aim, by patient and diligent work, to become a sharer in 
the perfecting of the Telephone. 



HISTORY. 
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The word Telephone is derived from two Greek words — 
tele — distant, and phone — voice ; and so may be applied to 
any instrument which enables us to hear the voice at a 
further distance than it can be heard by ordinary means. 

The name is specially applicable to the instrument just 
invented by Dr. Bell, by means of which the voice is 
repeated at the distance of hundreds of miles. 

With respect to this instrument, I find all sorts of errors 
afloat, some of which I thought impossible in this age of 
Schools and School Boards. It would be easy to practice 
on the credulity of a great many with it. Mr. Williams's 
speaking chip was not regarded with more superstitious 
reverence by the barbarous people among whom he laboured 
than is the Telephone by several educated people with 
whom I have come in contact. One lady fancied with one 
of these instruments in her pocket, she could at will hold 
converse with friends in distant countries, or with those 
who were dead ! A great number believe the first part of 
this statement. Others, again, think it only a kind of 
speaking tube, and will scarcely believe when shewn that 
there is not some small tube through the wire, by which, in 
some mystical manner, the sound is conveyed to the other 
end. A far greater number, however, confound it with the 
toy Telephone now selling so much. In this toy Telephone 
we have two chip or tin boxes, with one end in each, 



covered with parchment, and connected with each other by 
a piece of thin string, or for longer distances, by thin wire. 
It will be evident that if one end is made to vibrate and 
the string held tight, the other membrane will be pulled by 
the string and vibrate in exactly the same way. If one 
person, therefore, speak through the open end of one box 
against the parchment, and another person place the open 
end of the other over his ear — ^keeping the string tight — 
the softest whisper may be heard, and so may be made the 
source of much amusement This is one of the oldest 
Telephones, and was used among the Indians, it is said, 
some hundreds of years ago. 

Wheatstone, in a similar manner, and knowing the 
readiness with which strings, &c., take up the vibrations 
which they themselves emit when sounding, managed to 
make several pianos in different rooms repeat the music of 
another. He had all the pianos tuned to exactly the same 
pitch, and then joined the piano played to the others by 
strips of wood, and the strings in these latter readily took 
up the vibrations of the instrument played, and thus fairly 
repeated the music. 

Everyone, I dare say, has noticed how, when he has 
spoken into a piano, many of the strings have been caused 
to vibrate, and no doubt if there were sufficient strings of 
varying lengths to represent all the sounds made by the 
inflection of the voice when speaking, we should have a fair 
repetition of what was said. 

Befx)re commencing the history of the Telephone proper, 
or the Electric Telephone, it will be necessary to give a 
description of the dijBTerent kinds of currents that have 



been employed in these researches. These are of three 
kinds: — 1st, the Intermittent; 2nd, the Pulsatory; 3rd^ 
the Undulatory. In the first, the current is alternately* 
broken and closed. In the second, there is a continuous 
flow of the current, but it is increased and diminished in 
regular pulses. In the third, there is a gradual increase 
and decrease of the current in a wave-like manner — ^the 
undulations increasing imperceptibly to their greatest 
amplitude, and then subsiding in the same way to their 
minimum. As in every circuit there is the direct or 
positive current, and the reversed or negative, we may say 
there are the three kinds of the positive current and three 
of the negative current. These currents may be rendered 
more clear, I think, by representing the positive current by 
the space above a line, and the negative by a similar space 
below a line. They would then stand as below — 

Positive Currents. 
Intermittent. 
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Pulsatory. 




Undulatory. 



Negative Currents, 
Intermittent. 




Combined Positive ajjd Negative Currents. 
Inteimittent. 
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I have been thus particular in dealing with these 
currents, as I think it is necessary thoroughly to understand 
them, in order to appreciate the merits due to Dr. Bell, in 
his successful efforts to invent an articulating Telephone. 
His great success is almost entirely owing to his using these 
undulatory currents, and his efforts have been directed to 
obtain them, though the means of producing a real 
undulatory current has still to be discovered. No doubt, 
before long, means will be found of greatly increasing the 
amplitude of these approaches to undulatory currents, and 
so producing greater amplitude in the vibrations of the 
plate at the receiving end, and consequently greater 
intensity of sound. Dr. Bell claims to have been the first 
to use undulatory currents in his investigations. Eeiss 
succeeded, in 1861, in producing musical notes by 
intermittent currents. This Telephone consisted of a box, 
the top of which was covered with a parchment membrane 
tightly stretched. In the side there was a hole through 
which the sound to be transmitted entered the box and 
caused the membrane to vibrate. Attached to this mem- 
brane was a small plate of metal, to which was connected 
a wire from one pole of the battery. Kesting against this 
plate was a hopper, i e., a triangular wire, which at every 
vibration of the membrane was thrown from the plate. At 
the other end was an electro-magnet on a sounding box, 
and, as electro-magnets give out a tick at every break of a 
current sent round them, it will be seen that any sound 
entering the box would break the current at every 
vibration, so the electro-magnet would be made to tick in 



the same manner, and thus faithfully reproduce the note 
entering the box, which would, by this means, be transmitted 
any distance. Helmholtz — the great German physicist — 
by similar means, combined with resinators, tuning forks, 
&c., succeeded in reproducing not only the pitch but the 
quality of sounds. 

'This is as far as Telephony had progressed until Dr. 
Bell commenced his successful researches. The first means 
he adopted to procure an approximately undulatory current 
was by using a harp made of steel rods, the ends of which 
were attached to the poles of a powerful permanent magnet. 
Between the rods at each end was an electro-magnet. If a 
magnet is moved in the vicinity of an electro-magnet, a 
current of electricity is generated in the coil surrounding 
the magnet, the direction of which changes as the magnet 
approaches or recedes from the magnet. Accordingly, when 
one of the steel rods is struck, induced currents are 
generated in the coil of the electro-magnet. These currents 
are transmitted to the electro-magnet at the other end of 
the circuit, where each rod of the harp selects the vibrations 
in unison with its own and commences to vibrate, and so 
exactly reproduces the sounds of the first harp. If the 
rods of the first harp be struck violently an intense current 
is induced in the wire, and a corresponding intensity of 
vibration in the rod of the second harp ; and if two or 
more strings be struck simultaneously, currents are induced 
which cause the corresponding rods of the distant harp to 
vibrate in exactly the same manner. And if there could be 
sufficient rods of different lengths to represent the varying 
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inflections of the human voice, no doubt the quality of the 
voice could in this way be faithfully represented as the 
resultant of a number of simultaneous vibrations slightly 
diflFering from each other in pitch. The motion of a 
particle of air in the immediate neighbourhood of two 
vibrating bodies diflFering in pitch is different when they 
vibrate simultaneously from what it is when they are 
sounded separately. The particle moves with neither the 
one nor the other, but takes up a motion which is the 
resultant of these vibrations, just as a ball struck simul- 
taneously by two persons, at different angles, obeys neither 
the one force nor the other, but moves in a direction which 
is the resultant of the two forces. In the same way, if any 
number of bodies be simultaneously set vibrating, a particle 
of air in their vicinity accommodates itself, so to speak, to 
the different rates of the vibrating bodies, and takes up a 
motion, not of any one of the vibrating bodies, but one 
which is the resultant of the forces acting upon it. 

The harp of steel rods did not supply Dr. Bell with the 
means of transmitting this resultant, but he set to work 
heartily to endeavour to discover it, and how it might be 
transmitted in the simplest manner. While investigating 
this subject with an improved form of the Phonautograph, 
the happy thought occurred to him that it would be better 
to use a piece of iron possessing no particular musical note 
like the rods of the harp, but the resultant of a vowel sound, 
and which would take up any vibration, and by means of 
which an undulatory current could be produced that would 
correspond to the motion of the air when set in 'vibration 
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by a sounding body. I may just mention that the Phonau- 
tograph is an instrument for registering the vibrations of 
rounds. It usually consists of a box like the one described 
when speaking of Eeiss' Telephone. A style, or hog's hair 
bristle, is inserted in the parchment. Just touching this 
style is a piece of smoked glass, which can be moved while 
the membrane is vibrating, and thus is traced the curve of 
t^e vibration on the glass. Dr. Bell made use of the 
human ear itself for this purpose, and while experimenting 
with it was particularly struck with the effect the tympanic 
membrauie had on the bones of the mid-ear. This led him 
to the construction of a Telephone composed of a stretch 
membrane having a piece of iron attached to it, and placed 
over one of the poles of an electro-magnet, which was kept 
magnetised by a current from a battery. Here we have 
^^ membrane taking up the vibrations and carrying the 
pi^CQ of iron with it, which, by its motion, produces an 
ijyadulatory current in the wire, just in the same way as the 
U9ds previously mentioned, and so at the distant end the 
current strengthens and diminishes the magnet according to 
its direction, and attracts the iron on the membrane and 
.produces vibrations of the membrane corresponding to those 
of the first one. This did not succeed to his satisfaction 
ibut encouraged him to persevere, as it emitted some faint 
sound. You see here the piece of iron and membrane at 
-^ch end interfere with the action of each other — ^the iron 
interfering with the vibrations, and the membrane mth the 
attractions. Still it was a great step in the accomplishmient 
of the object to be attained, and after various modifications, 
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particularly in the size and thickness of the iron attached 
to the membrane, articulate speech was obtained — ^the 
vowel sounds being very fairly produced, but the consonants 
were all alike. 

Other methods of producing undulatory currents were 
next tried. As water offers considerable resistance to the 
passage of electricity, a cork with a thin platinum wire 
passing through it was attached to the membrane. The 
wire dipped into a cup of water, and the current passing 
through the wire and the water was continued through 
another wire, which dipped into the water to the battery to 
complete the circuit. At every vibration of the membrane 
the wire on it approaches and recedes from the other, by 
means of which a greater or less amount of electricity is 
passed along the circuit, and thus is produced a kind of 
undulatory current. Dr. Bell experimented with other 
liquids, and afterwards with plumbago dipping into mercury. 
In this way he managed to get a fair undulatory current 
and succeeded in producing articulate speech. Perhaps the 
best form of apparatus for producing undulatory currents 
was that exhibited at the Centennial Exposition, at Phila- 
delphia, and concerning which Sir Wm. Thompson ex- 
claimed, " This is the greatest by far of all the marvels 
of the Electric Telegraph." This, however, did not act well 
as a receiving instrument, but necessitated for this purpose 
the use of the iron box and thin vibrating lid. The mem- 
brane in this instrument was stretched over a brass ring (a) 
with the armiture attached to it as in figure. 



13 




(A) Membrane with Arm. 

(B) Battery. 

(M M) Electro Magnets. 

(E & E) Lines to Earth. 

(I) Iron Box Lid. 

(L) Eeceiver. 

Articulate sounds were distinctly heard on placing the 
ear close to the receiver (l), but still Dr. Bell felt certain of 
producing something better. Various modifications were 
tried. He found that diminishing the size of the coils gave 
more intense sounds at the receiving end, and that every 
turn of the wire beyond what was sufficient for the induc- 
tion of the current only added to its resistance. Then the 
strength and size of the magnet was varied in all ways till 
at last it was found that the battery could be dispensed 
with. With regard to the armiture, it was found that 
increasing its size also increased the sounds, and then it was 
discovered that the membrane could be done away with 
altogether. And here was left the instrument as we now 
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have it — an instrument which, for simplicity and effective- 
ness, stands unequalled in all branches of Science ; and 
every one Is asking why such a simple thing was not 
thought of before, while others, for this very reason, seem 
to regard it with auperstitioua dread. But here is the in- 
strument in the midst of us, the instrument which will 
make both the year 1877 and the name of Dr. Bell memor- 
able while time shall last 



CONSTRUCTION. 
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The instrument, as now used, consists of a permanent 
magnet, around one end of which is a coil of very thin 
insulated wire. In front of this and nearly touching the 
magnet is a thin soft iron plate about the thickness of a 
threepenny piece, and the whole is enclosed in a wooden 
case. At the thin end of the case are placed two binding 
screws, from which two pieces of copper wire run inside th^ 
case to the coil, and are soldered to the two ends of the 
coil. The two wires which connect it with the distant 
instrument are also joined to the same two binding screws 
and thus complete the circuit. For long distances only, 
one wire is used, the other being put to earth, and the 
circuit is completed through the earth, thus saving the 
expense and trouble of a second wire. Above the ferrotype 
disc, or iron plate, is a piece of wood which fits on the other part 
of the case and to which it is screwed. This also rests on 
the disc or diaphragm and holds it in its place. There 
is a cone-shaped hole in the centre of the head piece through 
which you speak against the plate. These are the parts of 
this simple instrument which is destined to become a portion 
of every business establishment, if not of every household. 

It has been found that variations in the size, diameter, 
and thickness of the iron plate, as well as in the size and 
thickness of the permanent magnet, make but little 
difference in the distinctness of the articulations. 
Distinct articulation can be produced by using plates from 
lin. to 24in. in diameter, and from ^ to fin. in thickness. 
Dr. Bell states that even a Morse Sounder may be made to 
utter articulate sounds. From these facts many believe 
that the action is molecular, and that the vibration of the 
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plate itself mars the eflFect. There is not, at present, 
however, sufficient data respecting the action to enable one 
to venture an opinion, but no doubt as the investigation has 
been taken up by many of the most noted physicists of 
the day, this and other processes, of which we still know 
little or nothing, will soon be satisfactorily explained. Size 
of plate aflFects quality of sound, but not the distinctness 
of the articulations. For instance, a plate only about an 
inch in diameter, speaks as a man with a cold in his head. • 
If we increase the diameter of the plate, but not its 
thickness, we gradually lose the nasal twang till a fairly 
clear and pleasant articulation is attained. Still increasing 
the diameter only, we get a throaty and drum-like sound. 
If now we increase the thickness of the plate, without 
altering the diameter, the above effects are reversed, and 
we gradually lose the drum-like sound till we get clear 
utterance, and still increasing the thickness, we again get 
the disagreeable nasal twang. So we see that to obtain the 
best effects it is necessary to have a proper proportion of 
diameter to thickness in the plate, and, knowing the above 
results, it is easy by trial to find out whether our plate is 
duly proportioned in these respects. It seems, therefore, 
that the fundamental pitch of the plate itself has much to 
do with the pleasantness and clearness of the electric 
articulations. 
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ACTION AND THE PRINCIPLES 
INVOLVED THEREIN. 

Having thus given a description of the instrument itself, 
I will endeavour to show the use and action of each of its 
parts, and how sound can be reproduced by this wonderful 
invention at the distance, it is said, of 12,000 miles. And 
not only the pitch of the sound, but every particular of its 
quality or timbre is faithfully reproduced, so that we can 
without the least difficulty recognize the voice of those we 
know, and it would require an excellent mimic to be able to 
deceive us with regard to the voice of those intimately 
known to us. I must premise that on some of these ques- 
tions very different opinions are at present entertained, but 
it is probable that most of them will soon be definitely 
settled by the investigations that are now being made. 

The following is what I believe to be the rationale of the 
working of the instrument. Sound impinging as vibrations 
on the sending plate, as in speaking, &c., causes it to 
vibrate. At each approach and recession of the plate to the 
magnet, the condition of the magnetism in the magnet is 
varied. When the plate approaches the magnet its free 
magnetism is diminished, as part of it is required for more 
completely magnetising the plate, and is held by the induc- 
tive action of the plate on the magnet. When this change 
in the magnetism is made, a momentary current of elec- 
tricity is induced in the coil surrounding the magnet, the 
direction of which depends on the way the wire is coiled. 
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When the plate recedes the free magnetism for acting 
on the coil is increased, and a momentary current of elec- 
tricity is again induced, but in the opposite direction of the 
former. That a magnet does generate a current of 
electricity may easily be shown in the following manner. 
Coil a small quantity of covered wire round a piece of 
paper — or if not covered take care that the different coils do 
not touch each other — ^and join the two ends, passing them 
over a delicately-poised magnetic needle. Now thrust a 
magnet into the coil, and you see the needle moved from 
its position just at the instant the magnet enters the coil. 
Then sharply withdraw the magnet, and you will find the 
needle move in the contrary direction. So in the magneto- 
electric machine we have electric currents generated each 
time the coils approach and leave the poles of the magnet, 
because the iron core of the coils changes its magnetism at 
those times. The converse also of this is true, viz., that an 
electric current induces magnetism or varies the magnetism 
of a magnet, which is well seen in the electro-magnet. 
So in this way as has been said are currents produced 
in the coil surrounding the magnet at the receiving 
end of the Telephone by the vibrations of the iron plate. 
When the plate approaches the magnet the current is in one 
direction, and when it recedes in the contrary direction. 
These currents are transmitted by the wires attached 
to the binding screws to the receiving instrument, and 
there passing through the coil a reverse process to that 
just described takes place, viz. : the current passing 
through the coil round the magnet varies the strength of 
the magnet according to the direction in which it passes. 
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When the magnetism is increased the iron plate is 
attracted, when it is diminished it recedes by its own 
elasticity, and as these approaches and recessions are made 
every time, the current, and, therefore, the magnetism, is 
changed, they become vibrations exactly like those in the 
sending pl^te, w]hx)se motion, as we have seen, originated 
thj^ purrent. So you see sound does not really travel in 
tljiis process beyond the sending-plate, on which it im- 
pinges, but is expended in making the plate vibrate, which 
varies the magnetism, and this in its turn generates electric 
eurrents, which are transmitted by the wires to the 
receiving end, where they vary the strength of the magpet, 
which then attracts the iroix plaice, and it again recedes by 
i|bs own elasticity, and in this way the original vibrations 
are reproduced. And not only is the pitch of the sound 
reproduced, but every particular of quality and timbre, and, 
we believe, in this way. Every sound has besides its funda- 
mental or pitch sound, a large number of higher sounds 
related to it, called hannpnics, or overtones, and the 
quality of a sound depends upon the predominance of 
particular harmonics. When the tone is pleasant there is 
a predominance of harmonics nearly related to the funda- 
mental, but in harsh or disagreeable sounds harmonics pre- 
dominate which are not so nearly related to the funda- 
nj,ental note. Now, not only does the plate vibrate with 
the fundamental sound, but it breaks up into small seg- 
ments for every one of these numerous overtones, so that 
each harmonic is represented by its own vibrating segment. 
These small segments affect the magnet, and the magnet the 
currents, and in this way the smallest difference in quality is 
exactly reproduced. 
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USES 
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In speaking of the uses of the Telephone, there is no 
need to say anything about the many and various purposes 
for which it may be employed commercially, but I may 
just ask what we would not sometimes give to hold con- 
verse with dear ones who have been long absent from us, 
and to hear their own sweet voice (the latter, but not the 
former, I may say can now, it is said, be accomplished by Mr. 
Edison's last invention — the phonograph — described after- 
wards). On the Continent and in America the Telephone is 
becoming very common for commercial and domestic pur- 
poses, and no doubt it will rapidly spread in this country 
now that Her Majesty the Queen has had it laid on 
to Osborne and is so pleased with the results. It 
possesses many advantages over the ordinary telegraph. 
No signs have to be learnt, so that any one can 
manage it, and as signs however well defined are apt to be 
sometimes mistaken, messages would be likely to be 
transmitted by it with greater correctness. The great 
advantage of the Telephone, however, is the rapidity with 
which we are able to transmit messages by it. If at the 
receiving end we have a shorthand writer at the desk with 
an instrument against his ear, he will be able to copy a 
message as quickly as it is spoken. The great disadvantage 
is the faintness of the sounds, which prevents it being heard 
without placing the instrument dose to the ear. This 
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defect will, no doubt, be somewhat remedied before long, 
as many of our greatest men are taking up the subject 
earnestly. Sir W. Thompson has already made many 
interesting experiments with it in acoustics. The effect of 
beats can be well illustrated with it. Place two Telephones 
against the two ears, and let two sounds slightly differing 
in pitch be sent through them. The effect of the beats will 
become very marked though each ear hears only one sound. 
The interference of sound, too, is perhaps more beautifully 
illustrated by means of the two Telephones. The aug- 
mentation of the sound is distinctly heard when the phase 
of vibration in each is the same, and silence — or " dead 
spot " is perceived at regular intervals when the phases of 
vibration are opposite. Just in the same way have we 
often seen waves on a lake or the sea augmented when 
their swells have coalesced, and been destroyed, when the 
swell of the one has happened to come exactly in the trough 
of the other. 

I have thus endeavoured to give as clear and concise 
an account of this most interesting invention as I was able 
in the time I could devote to the work and with the materials 
at my disposal, feeling certain from the numerous questions 
addressed to me on the subject, that some such explanation 
would prove most acceptable to a large number of persons, 
who take great interest in this invention, and are very 
anxious to have the means of gaining all the information 
they possibly can respecting it. 
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DEFINITE INSTRUCTIONS ON 
MAKING TELEPHONES. 
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The Telephone is so simple an instrument, and the 
materials so inexpensive, that hundreds ace trying to make 
tkw own Telephones, and not a few of these wouldAer 
telephone-matkers " have gone wroaig," and have spent as 
much time, and wasted as much material, as would, if 
properly estimated, have gone far towards purchasing a pair 
of Dr. Bell's — ^though J&20 is ratiher a high price for a pair 
of instruments which intrinsically are worth only about as 
joaany shillings — :the material and workmanship all con- 
sidered. Yet, we must remember that Dr. Bell has 
probably spent hundreds of pounds in apparatus, besides 
years of patient persevering labour, before discovering that 
jftuch simple and inexpensive materials only were requisite, 
-and be certainly deserves to be well repaid for his outlay of 
]bime and money, and we ought not to refuse him any 
reasonable remuneration. I think, therefore, that those 
who would like to use the Telephone, and can weU afford 
jto p^y the ^^0 for it, «f e not shewing due appreciation (d 
Dr. Bell and his great invention, if, instead of purchasing 
his instrument, they should endeavour to make their own. 

Before giving more definite instructions on the making 
of Telephones, I would like to say a few words by way of 
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caution as to the infringement of the patent. I don't think 
there «ver has been an invention where the temptation to 
the infringement of the patent was so great as in the 
present instance. The parts of the instrument are being 
sold everywhere at a small cost, and they are easily put 
together, and there is small chance of failing to get " excel- 
lent voice out of this little organ." I anticipate that many 
prosecutions will very soon be made under the patent both 
for the sale and use of Telephones. It seems to me that if 
persons sell the whole, though not put together, or even 
parts prepared for that purpose alone, they are infringing 
on the patent ; and that if persons use it not for direct 
profit only, but to save labour, or, as they would say, for 
convenience either in the house or business, they would be 
liable to prosecution for infringement. I doubt not, how- 
ever, we shall soon know more exactly than at present the 
intention of the law on the subjeqt. 



THINGS REQUIRED FOR MAKING 

A TELEPHONE. 



I, The Case; II, The Magnet; III, The Coil; IV., Th6 
Disc, Diaphragm, Ferrotype, or Vibrating Plate ; and V.j. 
Binding Screws. 
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I. — The Case should be made of wood, as it readily takes 
up vibrations, and thus increases the sound. It is ietter 
made in three parts : — 1, the cylindrical part for holding 
the bottom of the magnet ; 2, the shorter but wider part 
for enclosing top of magnet and coil. This should fit 
tightly on the other, or the two may be made in one. This 
last should reach just beyond the magnet, so that the disc 
may be laid on it, and be as near as possible to the magnet 
without touching it. 3, The mouthpiece. This should fit 
on the top of No. 2 and hold the disc in its place. A cone- 
shaped hole is cut in the top that the sounds in speaking 
may fall on the middle of the disc, 

II. — ^The Magnet should be a round well magnetised 
piece of steel, say 4in. long and fin. in diameter for small 
Telephones. A pair can be purchased for 2s. 6d. or 3s. 

III.— The Coil. This consists of about 2oz. of No. 36 
covered wire wound carefully, without bends or " kinks," 
on a bobbin, with a hole through it for fixing on the 
magnet, about f of an inch from the end. These also can 
be bought for about the same price as the magnets. 

IV. — The Disc. This consists of a thin plate of soft iron, 
about Sin. in diameter, placed as described above. A pair 
may be purchased for Is. 

V. The Binding Screws. These are peculiar screws going 
through the case for fastening the wires to. The most con- 
venient place for them is the bottom of the case farthest 
jfrom the speaking end. In that case a wire should be 
fastened to each screw, and brought up each side of the case 
before the magnet and coil are inserted. Then one end of 
the coil is carefully fastened to one wire and the other end 
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to the other wire. Now the disc is laid on and kept in its 
place by fastening the mouth piece over it to the other part 
of the case, and then the instrument which cost so much 
labour and accomplishes such wonders is complete. It is 
then placed in circuit with another exactly corresponding 
instrument by joining them together by two wires, and 
they are ready to transmit yoiir voice from one to the other. 



EXPERIMENTS W^ITH THE 

TELEPHONE. 



As I think the Telephone is likely to become very general, 
not for business matters alone, but also for instruction and 
amusement, and for these latter purposes self-made ones 
may undoubtedly be used by those who are unable to 
purchase the dearer and better ones of Dr. Bell. I propose 
to mention a few suggestive experiments which may be 
performed with it for testing the powers of the instrument, 
and for affording profitable entertainments. I know that 
ladies have already issued invitations for "Tea and 
Telephone," and I have no doubt that these parties will 
become popular and fashionable if proper experiments are 
devised. These are so num,erous that only a few can be 
mentioned here, but every one will be able to think of 
others suitable to the moment. 
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Different kinds of sounds are reproduced in different 
degrees of intensity and distinctness. Musical sounds seem 
to be heard further from the Telephone than any others, 
and those, like the tuning fork, which give out a clear 
metallic ring, are heard at the greatest 'distance. I believe 
a large tuning fork could be heard in any part of a good 
sized room if there were two or more instruments placed 
on a wooden box. I have heard a kind of screech at 
the distance of about thirty feet. In the same way we can 
have the music of a piano, harmonium, organ, or orchestral 
repeated to an audience miles away from the place of 
actual performance. The music of the latter, however, 
•cannot be so easily transmitted as that of the others, unless 
there be a large number of Telephones in circuit that each 
performer may sing or play near the plate of one of them. 
In the case of the piano, &c., the Telephone can be placed 
on it, and so the vibrations can readily be communicated to 
the disc without much loss of intensity. Dr. Bell has 
succeeded several times in repeating, to tolerably large 
audiences, the music performed some distance away. Music^ 
through the Telephone, seems peculiarly sweet, and produces 
3. strange and fairy-like effect on the mind. Does it not 
seem wonderful that not only single sounds, with their 
overtones, but all the various notes of the different 
performers of a large orchestra can be each represented on 
the plate of the Telephone by its own vibrating segment, and 
in the wire by its own particular electric current, and that 
each should be simultaneously reproduced in the disc of the 
receiving instrument 1 

We can listen to our friends playing the piano, or they 
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can accompany our singing when far asunder, the song may 
be sung in Paris and the accompaniment played in London. 
Punch, therefore, in his Ahnanack of this year, has noli 
much over-stepped the bounds of probability when he makes 
Mamma and Matilda in South Kensington to play the 
accompaniment for Jack in the Bush. 

"Speaking through the human body," and "through 
water," &c., may sound to many still more wonderful. But 
these experiments may be readily accomplished by making 
the body, &c., a part of the circuit. This is done by detach- 
ing the wire from one of the binding screws of the Telephone, 
and then letting the person, through whom you wish to 
speak, take hold of the detached wire with one hand and the 
binding screw with the other. As the body is a conductor, 
the electric currents will pass through the body in the same 
manner as they do through the wire and produce the same 
effects. Wetting the fingers with acidulated water and 
standing on an insulator will make the experiment succeed 
better, the first, because it renders the conduction more 
perfect, and the second, because it prevents the currents 
passing to the earth. If water be used as part of the circuit 
througljL which the electric currents, and, therefore, as may 
be said, the voice is to be passed, care must be taken to 
properly insulate it, i.«., to prevent its being connected 
with the earth by conductors. Then break the wire, and 
insert the two ends in the insulating or insulated pitcher 
containing the water, and keep them some distance from 
each other in it. The currents must then pass through the 
water. When two persons are speaking, you can easily 
interrupt their communication by lifting one end of the wire 
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out of the water. Any other conducting body may be made 
the vehicle for transmitting the voice if it be carefully 
insulated. 

Then different intensities of sounds may be tried. It 
will be found that the faintest sounds can be plainly heard ; 
indeed, low speaking is more distinct than shouting. The 
softest whisper can be heard, if it is uttered distinctly and 
forcibly. Breathing and sighing too are experiments 
which are easily tried, and which can be distinctly heard. 

Many other experiments of a like nature will readily 
suggest themselves to every one, and in this way the 
Telephone may be made the source of much useful 
information and amusement to all parties. 
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THE PHONOGRAPH. 



'*of9<< 



" Wonders wUl never cease." When just finishing this 
brief account of the Telephone, we were astonished by the 
announcement of another invention almost as wonderful 
but not. hkely to become so useful as the Telephone ; and, 
as it is in some degree connected with this subject, and may, 
perhaps, by many be confounded with it, I thought it would 
be interesting and instructive to give a short description of 
this last invention, that every reader might be able to com- 
pare the two and see the great difference between them. 

The Phonograph is a machine by which, it is said, the 
voice of a person can be taken, stored up, and reproduced 
at will over and over again as often as it is wished. 

A message of any length can be spoken on a metal plate, 
and the plate sent to any part of the world, and there re- 
spoken by pure mechanical means in the exact tones of the 
speaker. So, too, we can keep copies of words spoken by 
' our friends, and after they are taken from u& can have them, 
as it were, speaking those same words to us as often as we 
wish. 
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This ingenious machine, by which such wonderful effects 
are accomplished, is the invention of Mr. Edison, and he 
has given it the name of Phonograph, or Sound-writer. 

It is composed of three principal parts, viz. : 1, The 
Receiver ; 2, The Recorder ; 3, The Transmitter. 

1. — The Receiver. This consists of a curved tube, one 
end of which is fitted with a mouth-piece, and the other end 
covered with a very thin metal plate, capable of being made 
to vibrate by every wave of sound. Attached to the centre 
of this plate — ^which forms a right angle with the horizon- 
is a small steel pin, which, of course, will vibrate with the 
plate. By means of a set screw and table, the pin can be 
adjusted to the groove in the cylinder of the next part of 
the machine — the Recorder. 

This consists of a brass cylinder, with a continuous V 
groove from one end to the other, giving it the appearance 
of a large screw. This cylinder is mounted on a horizontal 
shaft, carried in bearings at each end, and having its face 
towards the steel point of the receiver. The shaft is pro- 
longed beyond the ends of the cylinder, and one of the ends 
is cut with a screw thread and works in a screw bearing. 
At this end is a handle, and as it is turned round the 
cylinder is not only revolved, but is made to travel its 
whole length in front of the steel point backward or 
forward. We now see that if a strip of soft inelastic metal, 
such as tinfoil, be carefully placed in the groove, and the 
steel pin of the receiving-plate adjusted to the tinfoil, then 
vibrations of the plate will cause the pin to make indenta 
tions in the tinfoil, and these indentations will be more or 
less marked, according to the intensity of the vibrations. 
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If the handle be turned at the same time a person is 
speaking down the tube, it will be seen that the words 
spoken will be, as it were, visibly impressed on the strip in 
the shape of indentations, more or less marked, and the 
next process is to reconvert them into sound. 

This is done by tlie Transmitter, which consists of a 
conical metal box or drum, with its larger end open and 
its smaller end covered with paper tightly stretched. Just 
in front of this stretched paper is a very light flat steel 
spring fastened in a vertical position and terminating in a 
blunt steel pin, corresponding exactly to the pin on the 
receiver. The spring is connected with the stretched paper 
of the transmitter by a silk thread, just kept tight so that 
when the spring moves the paper diaphragm is made to 
vibrate. 

Now it will be easy to see how this apparatus reproduces 
the sounds impressed on the tinfoil. The cylinder, with 
the foil in it, is turned back to the position in which it was 
before commencing to speak, and the point in the trans- 
mitter placed in the first indentation made by the re- 
ceiver. If now the handle be turned at the same speed as 
it was when the words were being recorded, the steel point 
will follow the line of impressions made on the foil by the 
point of the receiver, and there will thus be communicated 
to the paper diaphragm vibrations of exactly the same 
number and depth as those which produced the impressions 
in the foil. In this way the words of the speaker may be 
made to issue from the conical box in his own voice tinged 
with a metallic ring. But you see that it is necessary to 
turn the handle at exactly the same rate in each case, i.e., 
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in recording and transmitting. For if turned faster in the 
latter case, the voice will have a shriller tone than that in 
which it was spoken, and if slower a lower tone. Mr. 
Edison is now making a machine to turn by clockwork, so 
that its speed may be exactly registered. 

Any nnmber of copies of the " speaking strip" can be 
made by taking a plaster of Paris cast of the original strip, 
and rubbing oJ0r impressions from it on clean sheets of tin 
foil. 

This machine must be considered as a great scientific 
wonder, but I much question whether it will ever be of 
any practical utility. It certainly would be very nice to be 
able to have our friends speaking to us whenever we wished 
it, but I do not think it at all probable that we shall ever 
be able to recognise their voices by this machine. It will, 
no doubt, reproduce the pitch and force, and therefore the 
modulations of the voice, and in this way some of the 
peculiarities of the speaker, may be reproduced. But I do 
not think it possible by this means to reproduce the quality 
of the sound by which we more especially distinguish one 
voice from another. The most important use, as far as I 
can see, of this wonderful invention will be the reproduction 
of musical sounds. A celebrated singer, therefore, if unable 
to fulfil his engagement through loss of voice, or from any 
other cause, can keep " strips sung off " and forward by 
post, and they may be "turned off" and encored as many 
times as the audience wish. 
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ADYERTISEMENT. 



The importance of rendering Ihe acquisition of knowledge on any 
subject easy and attractive is fully appreciated hy instructors of youth ; 
and the interest displayed hy hoys of all ages 'in the models of Steam 
Engines, now so ahundant in the shop windows of Philosophical Instru- 
ment makers and Opticians, sufficiently shows their attractive character, 
and affords an opportunity of imparting, in a simple and easy way, a few 
facts on the Nature and Properties of Steam, and showing how a Steam 
Bngine becomes a self-acting instrument. 

The Steam Engine proper has been fully treated of by competent 
'writers, while the models from which the larger engines have' been 
elaborated have not hitherto received the attention to which they are 
entitled, and it is intended in this little brochure to describe and show 
how to work the models of engines offered for sale in the shops. 

No less than twelve years of the life of James "Watt, the eminent 
engineer, were devoted to experiments with Model Steam Engines, and 
it was while engaged in repairing a model of the Newcomen Engine for 
the QlasgQw University that he conceived those important modifications 
which, while they brought to the inventor fortune and fame, effected 
also a complete revolution in the social and commercial relations of man- 
kind. 

The importance of models therefore can hardly be overrated, and it is 
proposed to describe a few as r^resentatives somewhat minutely, premis- 
ing that among the great varieties found in the shops, the details may 
not be applicable in every case. 

Special acknowledgment is due in this enlarged and improved edition 
to Messrs. W. & R. Chambers, by whose permission cuts illustrative of 
Watt's & Newcomen's engines, Marcet's steam apparatus, Marine Screw, 
the lathe, slide-rest, &c., are reproduced from their Encyclopsedia, a 
work which contains many valuable articles of reference qu the various 
modifications of the Steam Engine. 

Messrs. Shand and Mason and Messrs. Merryweather contribute 
illustrations of Stenm Fire Engines. 

Under the head of Construction, the course recommended has been to 
purchase the principal parts ready for fitting together ; and although it is 
obviously beyond the scope of the work to treat in detail of brass casting, 
turning, and framing, considerable additions have now been made to 
this department of the work, and numerous hints will be found to guide 
the amateur in making the less important portions of models of such 
engines as are daily tended by — 

« A STEADY STOKER." 



THE MODEL 



STEAM ENGINE. 



The Steam Engine, like other resiilts of the accumu- 
lated intelligence of generations of men, has a history, 
and impressed as we are by its stupendous achieve- 
ments in modern times, many wiU be surprised to 
learn that it begins as far back as the time of Hiero 
of Alexandria, 130 B.C. This engine, invented by him, 
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Fig. 2.— HiERO's EvoiBB. 



has been so variously modified, that it is now difficult 
to ascertain what was the original form devised by the 
inventor. 



8 THE MODEL STEAM ENGINE. 

Fig. 2 shows a fonn which has been for many years 
supplied by philosophical instrument and toy makers. 
It will be seen to consist of a nearly spherical reservoir 
or boiler (about 1 J inch in diameter), which is made of 
brass or glass, and extended on its upper side into a 
tube about 5 inches in length, at right angles to the 
axis of which are placed two projecting tubular arms. 
The whole is suspended on a light wire support, and 
heat is applied. As soon as active ebullition is set up, 
steam issues from the open ends of each of these tubes 
with sufficient force to cause the engine to revolve on 
its axis, on the same principle as the well-known 
Barker's Mill If, instead of common water, rose or 
orange-flower water be used, this engine becomes an 
elegant and scientific form of perfume vnporizer. 




Fig. 3.— FabIiOub Stbav Bvgivs. 



Fig. 3 shows a more recent modification of Hiero's 
engine, introduced in the winter of 1866-7. It is 
simpler in construction than fig. 2, the one-armed boiler, 
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made of striped glass, being suspended by a wire 
and swivel from the stout bent wire ; when heat 
is applied it revolves with such rapidity that the 
projecting arm becomes invisible. 

These little philosophical toys were known by the 
appropriate name of uEolipiles, two Latinized Greek 
words signifying the Ball of iEolus. In a work called 
"The Jewel-house of Art and Nature," published in 
1653, Sir Hugh Plat describes an SBolipile as "a round 
ball of copper or latten, that will blow the fire very 
strongly by the attenuation of water into air, which 
device may also serve to perfume with." The forms 
figured above act on the well-known principle in 
mechanics, that " action arid reaction are equal and 
in contrary directions/' which principle is forcibly 
illustrated when two boys run against each other in 
the street — one is driven forward, and the other recoils 
backward. A further illustration of the principle 
occurs when a volunteer discharges his rifle; the 
sudden evolution of gas from the combustion of the 
powder propels the bullet forward, while the rifle 
recoils upon the shoulder of the marksman. 

On this account these little engines have also been 
called reaction machines, and it will be observed in 
the drawings that the short tube with small orifice 
through which the steam escapes is at right angles 
to the main direction of the tubes from the boilers, 
as a consequence of which the steam, issuing in a 
feathery jet with great force into the atmosphere, 
causes the arms to recoil, and thus set the engine in 
motion. 

Great interest was excited by a tmnslation in 1547 
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of Hiero's long-hidden book, and some years subse- 
quently Branca, an Italian architect, contrived a 
machine like that shown below. The human head 



Fig. 4.— BuKCi'i Ehqini. 

is really the boiler, and the steam acting on the 
fans of a horizontal wheel set machinery in motion. 
The names of Blasca de Garay, 1543 ; Solomon de Caus, 
1612 ; Marquis of Worcester, 1663 ; Sir Samuel Mor- 
land, 1680 ; Denis Papin, a French Protestant refugee, 
1695 ; and Captain Savery, about the beginning of the 
eighteenth century, are worthy of mention as successful 
pioneers in the path of improvement in connection 
with the Steam Engine. Shortly after (1705) the 
employment of Savory's engines for pumping mines 
in Cornwall, Newcomen, a Devonshire blacksmith, 
produced and patented his atmospheric engine, which 
was successfully applied, not only in Cornwall, but 
elsewhere, to pumping the water out of mines. This 
was the first engine that was made prSiCtically and 
exteuMvely useful, and forms the transition to the 
present Steam Engine. It was chiefly used for work- 
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ing pumps. To one end of a beam moving on an axis, 
I, fig. 5, was attached the rod N of the pump to be 



.— Kiwcomv's Bvam 



worked ; to the other, the rod M, of a piston P, moving 
in a cyUnder C, below. The cylinder was placed over 
a boiler B, and was connected with it by a pipe pro- 
vided with a stop-cock V, to cut off or admit the 
steam. Suppose the pump-rod depressed, and the 
piston raised to the top of the cylinder — which was 
effected by weights suspended at the pump end of the 
beam, — the steam-cock was then turned to cut off the 
steam, and a dash of cold water was thrown into the 
cylinder by turning a cock R, on a water-pipe A, con- 
nected with a cistern C. This condensed the steam 
in the cylinder, and caused a vacuum below the piston, 
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which wa3 then forced down by the pressure of the 
atmosphere, bringing with it the end of the beam to 
which it was attached, and raising the other along 
with the piunp-rod. The cock was then turned to 
admit fi-esh steam below the piston, which was raised 
by the counterpoise ; and thus the motion began anew. 
The opening and shutting of the cocks was at first 
performed by an attendant, but subsequently by levers 
acted on by pins in a rod suspended from the beam, 
so that the machine became self-acting. Newcomen's 
was thus really an atmospheric engine, in accordance 
with its name. Engines of this description were 
found in practice to raise 7 or 8 lbs. for every square 
inch of piston. 

A detailed description of this engine has been given 
on account of its important connection with the labours 
of James Watt, who, at the age of twenty-seven, was 
employed by the Glasgow University to repair a 
Model of Newcomen's atmospheric engine ; an evejit 
which, in itself comparatively insignificant, was, how- 
ever, the first step towards the development of those 
marvellous improvements in the Steam Engine which, 
while they were the means of bringing to Watt for- 
tune and &me, were also destined to exercise the 
most beneficial influence on the commercial and social 
relations of the human race. 

Having thus briefly noticed the history of the 
Steam Engine, it will be appropriate before proceed- 
ing with descriptions of other forms than those 
incidentally referred to, to devote a few paragraphs 
to a consideration of the nature and properties of 
^team. 
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Nature and Properties of Steam. 

While disclaiming all intention of "getting" the 
reader "into hot water," attention must nevertheless 
be directed for a while to water and heat, and water to 
which heat has been applied. 

The common physical properties of water are so well 
known that a lengthened description is unnecessary. 
The reader need only be reminded that at ordinary 
temperatures it is a fluid ; that when caloric (heat) is 
abstracted jfrom it, it assumes the solid form (ice) ; and 
that when submitted to the action of heat, it absorbs 
caloric and becomes aeriform or gaseous. These are 
facts familiar to all who have passed a winter in 
England or seen a kettle boiled ; but it is not so 
generally known that the change to the solid form 
takes place always at a temperature of 32**, while it 
assumes the vaporous form or condition of steam at 
212"*; the first temperature being called the freezing- 
point, and the second the boiling-point. 

Steam is the result of appljdng heat to water, and 
may be regarded as water converted into gas ; and 
when in consequence of the absorption of caloric water 
has assumed the gaseous form, it is found to possess 
two properties in common with other gases, viz., ex- 
pansibility and elasticity, and a third, condensability, 
all of which render it of great value in imparting 
motion to a Steam Engine. These may be advan- 
tageously considered somewhat in detail 

Expansibil/ity, — In the shops of Philosophical Instru- 
ment makers, as well as in many toy-shops, are sold 



14 



THE MODEL STEAM ENGINE. 



some little bubbles of glass of various sizes, from a 
pea to a marble, shaped as represented in the an- 
nexed figures ; the small ones 
being called Candle or Steam 
Bombs, and the hirger ones 
Fire Crackeiu They contain 
water coloured with different 
materials to give them an at- 
tractive appearance, and when 
CiHDLiBoHB. held by tlie smaller end in 
the flame of a candle or lamp for a minute or so, afford 
an admirable illustration of the elasticity of steam by 
bursting with a loud report into innumerable frag- 
ments. A dozen of these Candle Bombs may be 
bought for a small sum, and should be seen once by 
every one. 

Fire Crackers are used by throwing one into the fire 
and retiring to a moderate distance. 



Fig. 8. Fij. B. 

In Candle Bombs the stem is long enough to admit 
of being fixed into the iat, which brings the biilb just 
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high enough to be heated by the flame. In fig. 8 the 
Candle Bomb is shown before the miniature explosion 
takes place. Fig. 9 shows the interesting result drawn 
from nature. Not the least amusing accompaniment 
to this experiment is the breathless suspense with 
which every one awaits the expected explosion. 

The result produced by heating them will appear 
less surprising when it is stated that the space occu- 
pied by the vapour of water produced at a temperature 
of 212"* is 1,728 times as great as the water from which 
it is produced. A singular fact in this connection is, 
that a cubic foot contains 1,728 cubic inches, and it 
thus results that a cubic inch of water produces a cubic 
foot of steam. 

Condensability. — This is the property which steam 
possesses of returning to the state of water when the 
source of heat is withdrd-wn, or a sudden lowering of 
the temperature takes placa The method in which it 
is turned to account is illustrated in fig. 5, where a jet 
of cold water is shown entering the cylinder C, where 
it produces a vacuum by suddenly condensing the 
steam, and thus allows the external air to force the 
piston down again. 

Elasticity. — ^This property of steam will be best un- 
derstood by reference to the sectional drawing of a cylin- 
der and piston on page 27. It is obvious that if the piston 
be drawn up to any given height from the bottom of 
the cylinder, the space underneath being a vacuum, 
the piston would have to be held in position, or the 
pressure of air, which is equal to 15 lbs. to the square 
inch on the upper side, would force it back again. If, 
however, steam, or water from which steam might 
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be generated, be introduced into the lower part of the 
cyUnder, it would be found that the piston would not 
only retain its position, but be, perhaps, forced up 
higher, according to the temperature of the water and 
the cylinder. 

The elasticity and expansibility are also shown by 
what is known as Wollaston's Apparatus, which con- 
sists, as shown in the annexed cut, of a bulb and tube 
of glass, furnished with a 
piston and piston-rod work- 
ing freely through a cork. 
A little water is introduced 
into the bulb and heat ap- 
plied, and so long as the 
Btop-cock at the top of the 
piston-rod remains open the 
only effect will be the escape 
of steam ; if, however, it be 
closed, the steam generated 
forces the piston upwards ; 
subsequent cooling causing 
Kg. io.-wou.iiior8 Aiiuinn. the Contraction of the steam, 
the piston descends by its own gravity to its former 
position. 

A further illustration of this important property of 
steam is afforded by Marcet's Steam Apparatus, shown 
in the accompanying engraving. 

Fig, 11 represents an apparatus which shows the 
elastic force of steam raised to higher temperatures than 
212°, A strong copper or wrought-iron sphere haa in the 
bottom of it a quantity of mercury, m, and above that 
a quantity of water, w. A strong glass tube, open at 



THE MODEL STE.VM ENGINE. 



17 



both ends, passes air-tight into the sphere, with its 
lower end dipping into the mercury, and has a scale of 
inches, E F, attached out- 
side. T is a thermometer, 
with its bulb inside the 
sphere ; and 6 is a tube 
opening into the sphere, 
with a stop-cock, which 
may be opened and shut 
at pleasure. 

" The stop-cock b being 
open, let heat be applied 
to the bottom of the vessel 
until the water boils. The 
rising steam will soon ex- 
pel the air and occupy its 
place, being equal to it in 
elastic force. Before the 
application of heat, the 
mercury within the tube 
t does not rise above the 
level of the rest at o, for the 
tube diflFers fi'om a common 
barometer in being open at ^ig. ii.-mabcm's stbam appakatus.^ 

both ends ; nor does it rise even when the water boils, 
for while b is open the steam has no more pressure on 
the surfaces of the Water and mercury than the air 
had. But if 6 is now shut, the pressure on the surface 
of the mercury within the sphere increases, and the 
mercury within the tube begins to rise and appear 

♦ This cut and description are reproduced, by permisnon of the Pub- 
lishers, from Chambers's ** Encyclopedia." 

B 
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outside the vessel When it has risen to the point 
marked 30 inches on the scale (counted from o, the 
level of the surface within the sphere), it shows that 
the elasticity of the steam is able to sustain a column 
of mercury of 30 inches over and above the pressure 
of the atmosphere which is resting on the top of that 
column, and is equal to another column of 30 inches. 
Its force is therefore equal to 60 inches of mercury, or 
30 lbs. the square inch ; which is shortly expressed 
by saying that it has a pressure of two atmospheres. 
A further rise of 30 inches in the tube would indi- 
cate an additional pressure of 15 lbs., or of three atmo- 
spheres in alL" 

Along with the mercury in the barometer-tube 
the thermometer also rises, but by no means at an 
equal rate. When the water boils it hai^ mounted to 
212^, and it continues steadily at that point so long as 
the tube b is open ; but on shutting b it immediately 
begins to rise, and when the barometer tube is at 30 
inches, the thermometer is found at about 250°. An 
addition of 38° has thus doubled the elastic force of . 
the steam, and this increase of elastic force proceeds 
in a greatly accelerated ratio for each equal increase 
of temperature. 

Influence, of Pressure on the Boiling-Point. 

It has been stated that water boils at a uniform 
temperature of 212° F., as indicated by the mercurial 
thermometer. This, however, is a fact only when the 
process of ebullition is conducted at the sea-level with 
the barometer standing at 30 inches. 

It is found in ascending mountains, that the boiling- 
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point of water becomes lower in exact proportion ta 
the height. So truly is this the case that an instru- 
ment called WoUaston's Boiling-Point Thermometer is 
employed for determining the height of mountains by 
the temperature at which water boils at the given 
locality. As a result of this phenomenon, it is found 
that potatoes cannot be cooked on the Grand Mulcts, 
and still less so on the summit of Mont Blanc. On the 
other hand, in descending deep mines or artesian wells 
the boiling-point of water is found to exceed 212** F. 
in exact proportion to the depth of the mine. At a 
height of 15,000 feet water boils at 184° F., and at a 
depth of 10,000 feet at 230° F. 

As these facts seem to contravene the generally 
accepted notions as to boiling water, a distinct defi- 
nition as to ^what ebullition really is cannot fail to 
prove satisfactory. Ebullition may be defined, then, 
as being the production of bubbles of elastic vapour 
in the mass of a liquid ; that it does take place at 
temperatures lower than 212° F. : and that water may, 
mfact, be made to boil by pouriTig cold water on the 
vessel containing it is shown by the following experi- 
ment. 

A glass flask, as shown in the engraving (page 20), 
is about half filled with water, and placed on the ring 
of a retort or tripod stand, or other suitable support, 
and heat applied until all the air is expelled by thel 
steam. A tightly fitting cork is then introduced, and 
the flask inverted (see fig. 12a). If now cold water 
from a sponge be streamed over the bottom of the flask, 
boiling will recommence, owing to the diminLshed pres- 
sure consequent upon the formation of a partial vacuum 
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by the condensation of the steam above the eurface of 
the water. 



Jtig. 12. Fi(. IZi. 

The woodcuts (figa. 12 and 12a) illustrate the manner 
in which the experiment is to be performed, but an 
ordinary Florence oil flask will answer the purpose of 
the boiling vessel, if care be taken that the cork fits 
tightly throughout its entire length. The experiment 
is an exceedingly interesting one on account of its 
paradoxical character, watw being really made to boil 
by the application of cold water, while the boUvng 
thus prod/aced may be stopped by a second application 
oiheat. 



Pre. I3.-BIIISLI- 
rion Obcillu- 
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SIMPLE MODELS 
OF "Direct- Acting " Enqihes.'' 

There is a simple modification of the high-pressure 
engine known as the " direct-actii^," m which an 
oscillating cylinder is used. IllustrationB 
of four pattema of this form are given, 
in working any one of which it will be 
seen that the end of the cylinder describes 
the arc of a circle, and that in consequence 
of the vibration of the cylinder on a 
centre in the direction of its length, the 
up-and-down motion of the piston-rod, 
by adapting itself to the position of the 
orank, admits of its direct attachment to the crank- 
pin without the intervention of a connecting-rod. In a 
real engine, the centres on which the cylinders oscillate 
are called trunnions, to which more detailed reference 
will be made under the head of Marine Engines. 

If the resistance engines described and figured on 
pages 7 and 8 be excepted, fig. 13 represents the sim- 
plest arrangement of mechanism to be propelled by 
steam, to which the name of steam engine can be 
applied. 

This little model may be set to work in the follow- 
ing manner. The boiler is about 3 inches in diameter 
and 3 inches high, and is capable of holding, when 
quite full, 7 ounces of water ; 4 ounces are, however, 
sufficient for a "charge," and if cold water be .used it 
will take ten minutes to boil. As this involves waste 
of " fuel," i. e., spirit, boiling water should be ased to 
charge the boiler. The bnuss plug shown at F, £g. 15, 
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being replaced and tte lamp put under the boiler, 
steam will aoon issue firom between the cylinder and 
the little perforated cone of metal which renUy con- 
stitutes the steam-pipe, A few turns given to the fly- 
wheel will allow steam to enter the cyhnder, but the 
engine will not keep continuously in motion until the 
cylinder becomes quite hot. 



Fig. 14. Fi|t. 141. 

A rapteiMDta the crank axle, to irluch are attached the fly-wheel W 

and the crank which communicatee with the piston-red P, bj meana o^ 

the crogg-head H. C ia the cylinder, T the triangular gtandards aiippert- 

ii^ the machineiT, B the hojler, 8 the atand under which the lamp ia 

This model, with a " charge " of five ounces of boil- 
ing water, will keep working upwards of half an hour. 
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The Fubnace. — The lamp should not be more than 
half filled with naphtha or spirit of wine, as the heat 
reflected from the bottom of the boiler causes the spirit 
to overflow when too much is poured in. The wick 
should be clean, dry, and compact ; as when too loose 
from insufficient quantity, the spirit is drawn up by 
capillary attraction and sometimes overflows, igniting 
as it flows, for which reason the engine and lamp 
should be placed on a plate. 

Fig. 14a shows another model in which the cylinder 
is of larger size, and the fly-wheel of greater weight 
and diameter than fig. 14, being made of lead; but 
painted blue, it has an attractive appearance. The 
boiler of this engine is also of greater capacity, hold- 
ing nearly half a pint of water. The increased weight 
of the fly-wheel aflbrds facility for the attachment of 
a grooved pulley or driving-wheel to the axle, thus 
enabling the amateur, by the use of a band, to apply 
this engine to the unwinding of a reel of cotton or 
cocoons of silk. The advantage of the tripod form of 
stand is, that the heat not absorbed by the water is 
more free to escape, instead of being reflected back 
upon the lamp, and thus overheating the spirit. The 
standards supporting the axle of the fly-wheel are 
more elaborate in design and finish than in fig. 14. The 
pulley or grooved driving-wheel, half an inch in dia- 
meter, is on the side of the axle opposite to the crank 
C, and is not seen in the engraving. The letters in 
fig. i4 indicate corresponding parts in fig. 14a. 

The model shown on page 24, fig. 15, differs from the 
preceding one mainly in having a brass boiler B, fur- 
nished with a steam or gauge tap G. The boiler is 
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3 inches in diameter and 2^ inches in heiglit, and 
when charged with a gill of hot water will keep 
working for upwards of half an hour. The brass 
plug for cloaing the aperture through which the boiler 
is charged, and with which all theae little models are 
furnished, is admirably shown at P in this and the 
following figure. The gauge-tap G affords facility for 
asoertaining the height of water in the boiler ; if, when 
turned on during action, nothing but steam issues, it is 
an indication that the water has evaporated below that 



Kg. 16. Fig. 161. 

levtJ, This model is furnished with a brass fly-wheel 
and driving-wheel. 

A more highly finished model than either of the 
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preceding is shown in fig. 15a. This engine and 
stand with all its parts is made of polished brass, and 
presents a very handsome appearance. Sometimes the 
stands of this pattern model are bronzed, or painted at 
imitation of brickwork. The division D indicates 
where the stand ceases and the boiler begins. The en- 
tire capacity of this boiler is 7 ounces, and the proper 
charge 4 ounces, with which it will work half an hour. 
The cylinder and fly-wheel are of superior make ; the 
stroke of the piston is about three quarters of an inch. 
In addition to a gauge-tap G, driving-iwheel, and all 
the parts belonging to the engines prevously de- 
scribed, this model is furnished also with a safety-valve 
V, and a steam-chest C. There are two openings like 
O in the stand, to allow of the free ingress and egress 
of air to the lamp, the wick in which should be com- 
pact, and not extend more than a quarter of an inch 
above the wick-holder (see W, fig. 15). Many beau- 
tiful models are injured from inattention to this point, 
and from having too large a flame. 

It sometimes happens that the cylinder is not close 
to the steam-chest, and the engine will not work on 
account of escape of steam. All that is necessary is 
to turn the nut holding the wire spring once or twice 
with the pliers, and the defect will disappear. 
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STATIONAEY ENGINES. 

The Condensing Beam Engine and its 
Eepresentative Models. 

Having thus noticed the simplest model found in 
the shops, those of a more complex character will 
claim attention; and it is proposed, in considering each 
modification, to treat first of the engine itself, and 
then of its representative models, thus combining 
instruction with amusement. 

No one can thoughtfully regard a Steam Engine 
without being struck by the fact that an appearance, 
at least, of life and motion has been imparted to the 
inert matter forming the essential parts of the engine, 
which derives its efficiency from their combined action. 
Further consideration will demonstrate, that although 
steam seems to be the source of power, and the 
engine is called a Steam Engine, yet heat is really 
the prime mover, and the engine might be caUed a 
Heat Engine. 

The form of engine illustrated in fig. 16 is that of 
Watt's double-acting engine, also called a beam engine, 
which may be thus described :— 

The steam, having been generated by heat in a boiler 
(see fig. 16), is conducted by a ateam-pipe to the valve 
casing, from whence it is "distributed"' to the upper 
and under sides of the piston, which, in virtue of its 
elastic force, it alternately raises and depresses in the 
cylinder C. 

The cylinder thus becomes a containing chamber for 
the steam, and the piston is the first surface acted on. 
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and to which motion is imparted. By means of the 
piston-^od F, working through a stuffing-box, and 
having its further end attached to one end of the 
beam of the engine, this "up-and-down'' motion of 
the piston-rod is communicated to the bea/m, and by 
it transmitted through the connecting-rod at its oppo- 
site extremity to the cramk, fiy-wheel, and other parts 
of the machine. It will be observed that the end of the 
beam moves in the arc of a circle, while the motion of 
the piston-rod is truly vertical ; this essential end is 
achieved by an arrangement, H, called the parallel 
motion. The purpose of the steam in raising or depress- 
ing the piston having been accomp^shed, it is con- 
ducted to the condenser A, in which plays a jet of cold 
water, which produces a vacuum by the sudden conden- 
sation of the steam. The air-pump P next comes into 
operation by drawing off the condensed steam and water 
into the hot well H, whence it is conveyed by the force- 
pump W along the feed-pipe to the boiler. Steam is 
admitted alternately to the top and bottom of the 
cylinder by means of a slide-valve, which is moved by 
a rod attached to an eccentric, keyed on to the oicZe of 
the fly-wheel. The governor Z regulates the speed of 
the engine : by reference to the enlarged view of it in 
fig. 17 it will be seen to consist of two balls, G G, sus- 
pended from an upright revolving spindle, D, by jointed 
rods, F, which revolve with it. 

When the engine is going at any given velocity, the 
balls G G revolve at a certain distance itom each other; 
and should the speed increase, the divergence increases 
also, in virtue of the centrifugal force, and in so doing 
the balls raise a lever, E, which partially closes a circular 
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disc of metal, T, called the throttle-valvef'which, by dimi- 
nishing the supply, checks the driving force of the 
steam. The motion of the whole machine is equalized, 
and a perfectly steady and uniform force secured, by the 




Fig. 17.— GOTBBVOB AWD THBOITLB-T1.LTB.* 

momentum imparted by the large heavy wheel called 
the fly-wheel. This wheel is keyed on to the crank- 
* sliaft, in the revolution of which there are two points 
called the dead poinU, occurring when the piston is at 
the top and bottom of the cylinder. At both of these 
points the power of the engine is without influence 
in causing any revolution, and it is here that the 
momentum of the fly-wheel (which is really a reservoir 
of force) comes into action. 

Most excellent and efficient working models of 
Watt's Double-action Beam Engine are purchasable 
at the shops of philosophical instrument makers, some 
of whom also supply large sectional models in wood, 
which, by means of a handle attached to the fly-wheel, 
show all the parts referred to above in actual motion. 
Such models form material aids in demonstrating the 
principles and action of the Steam Engine to a class at 

♦ Chambers's ** EncydopsBdia." 
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school or college, and the separate parts may be pur- 
chased and put together, thus bringing into exercise 
the constructive capabilities of the amateur engineer. 

This form of engine is being gradually replaced by 
the High Pressure Horizontal Engine, on which 
account it is proposed to omit the instructions, " How 
to Make it,"" in order to devote space to the more 
modem form. 

The High Pressure Horizontal Engine, and its 

Kepresentative Models. 

In the form of engine now claiming our attention, 
the complicated mechanism necessary in a condensing 
engine is dispensed with. On referring to fig. 16, page 
27, it will be seen that reservoirs, several pumps, and 
other accessories are necessary, all of which occupy 
considerable space, and involve great expense in erec- 
tion and keeping in order, to say nothing of the loss 
of power in the working of the pumps. On this 
account, and notwithstanding its admitted advantages 
in point of economy, it is often desirable to dispense 
with the condenser, in which case the Steam Engine 
takes the form represented in fig. 18. 

The various parts of this engine (fig. 18) are dis- 
tinguished by letters corresponding with the following 
descriptive list, which, for facility of reference and recol- 
lection, has been given with sufficient brevity to impart 
to each paragraph the character of a definition : — 

A. Bed Plate. — The foimdatioii or frame, made of cast iron, to which 
the cylinder and all fixed portions of the engine are bolted. 

B. Cylindeb. — ^A hollow oast-iron yessel in which the steam acts 
upon the piston, through ways called steam-ports, leading from the 
steam-chest to either end. 
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C. Cylindeii Ooyebs.— Discs of iron bolted to flanges on the ends of 
the cylinder. The foremost is fitted with a stuffing-box through which 
the piston-rod alternates. The stuffing-box is a recess turned in the 
centre of this cover for the purpose of receiving some soft material, as 
greased hemp, which is forced tightly against the piston-rod by means 
of a pressing-piece called a gland, 

D. Steam-Chest. — A cast-iron box attached to the cylinder in which 
the slide-valve works, and where the steam is admitted before entering 
the cylinder. 

E. Piston. — A solid disc of metal working to and fro by the action of 
the steam within the cylinder, in which it is made to fit accurately, 
either by means of metallic springs or by a packing of well-greased 
hemp. 

F. Piston Rod. — A wrought-iron or steel rod fixed to the piston, and 
passing through the stuffing-box in the front cylinder cover, for the 
purpose of transmitting the motion of the piston to the crank. 

G. C&oss-HEAD. — A solid ^iece of wrought iron, with planed ends, 
fixed at right angles on the ends of the piston-rod to guide its motion in 
a straight line, by working in parallel slides which are fixed on the bed- 
plate. 

H. OoNNECTiNo Bod. — A wrought-iron bar, hinged at one end on the 
cross-head by a pin, thereby connecting the piston to the crank, the 
further end (or Iiead) being fitted with brass bearings, which are fastened 
together on the crank-pin with an iron strap by means of a hey and 
cotter, 

1, CaANK. — An iron arm fixed at right angles on the end of the main 
shaft, by means of which the reciprocating motion of the piston is con- 
verted into a rotating motion of the shaft, and all gearing in connection 
with it. 

K Crank Shaft. — A wrought-iron shaft to which the crank is 
keyed, carrying ihafly-wheelf drums, and any driving gear which may 
be required. 

L. Fly-wheel. — A large cast-iron wheel keyed on the crank-shaft, 
the impetus of which carries the crank over its centres or dead points, 
and equalizes the motion of the engine, and the machinery which it is 
working. 

M. Plummbb Blocks. — Cast-iron blocks for supporting the brasses in 
which the crank shaft turns, fitted with covers and bolts for tightening 
the bearings as they wear. 

N. Slidb-Yalve. — A rectangular piece of brass which works to and 
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fro in the steam chest over the steam ports for the purpose of regidating 
the admission of the steam in and out of the cylinder, having a hoUow 
centre through which tiie exhaust steam passes, and true flat flanges to 
insure steamtight contact between the yalve and the face of the steam 
ports. 

0. Eccenthic. — ^A circular disc of brass having a recess turned on its 
edge, keyed eccentrically on the crank shaft, to revolve within the eccei> 
trie strap for the purpose of giving a short reciprocating motion to the 
%lide valve or feed pump. 

P. Eccentric Stbap. — A thin ring of brass made in two halves and 
bolted together in the recess on the edge of the eccentric, to which it 
is fitted. 

Q. Eccentric Rod. — A flat rod of iron or steel fixed to the eccentrie 
strap, and connecting it with the rod of the slide valve. 

R. Slide Valve Rod. — A short steel rod passing through a stuffing- 
box in the steam chest, and connecting the slide valve with the end of the 
eccentric rod. 

S. Feed Pump. — A small pump for the purpose of forcing water into 
the boiler, worked either by an eccentric on the crank shaft, or by a pro- 
jecting pin on the cross-head. 

How TO Make it. 

Tliis branch of the subject is beset with difficulties, 
the reasons for which are manifold ; and when a few of 
them are stated, the youthful reader will see that the 
making of a model engine is a task which should not 
be undertaken without the conviction that the aspiring 
engineer possesses enough firmness of purpose to carry 
it through to the end, and thus avoid the imputation 
of "tinkering,*' instead of really working. The de- 
scriptions of the various kinds of model engines, with 
their several parts already given, will have suggested 
that money, tools, and accurate workmanship, espe- 
cially in the cylinder and piston, are indispensably 
necessary. 

The first requisite will procure the second, but it is 

c 
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to be feared tliei-e are few young gentlemen who, unless 
they have had long practice at the latlie, possess the skill 
to bore a cylinder with such accuracy that the piston 
ili&M, throughout it^ entire length, work stea/intight. 

Whatever parts of an engine, therefore, a budding 
Stephenson may resolve to make for himself let him, 
in his first experiments at least, follow the advice of 
" a Steady Stoker," and buy his cylinder and piston, 
with piston-rod attached, ready made. There are a 
number of other parts and materials which will have 
to be bought ; the important work, therefore, should 
not be commenced with a less capital than half a 
guinea, and if it can be raised to a whole one before 
starting, so mu«h the better. 



s or HDUionixL BaaiiTB. 



It wiU be &und desirable to make the first attempt 

at Constructive Engineering on a Horizontal Engine. 

Xict it be assumed that, after a due consideration ot 
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the various models described in the preceding pages, 
it has been determined to make an engine with fixed 
horizontal cylinder and a separate boiler. 

The parts of such an engine are figured in the accom- 
panying diagram, and are named on pages 31 — 33, and 
in putting them together the great fact to be borne in 
mind is, accurate centring. In the diagrams on page 
36, dotted lines will be seen passing through the centres 
of the piston-rod, fly-wheel, shaft, eccentric, connect- 
ing-rod, &C. It is manifest that these centres will 
have to work to and fro over corresponding spaces on 
the base or foundation plate ; the first thing, therefore, 
to be done is to mark the ccTvtre and boundary lines of 
each part to be secured thereon. 

Fig. 19 shows the position of the centre lines. This 
is called ** setting out the work ;'' and the unalterable 
rule is always to measure from the fundamental centre, 
which, in this case, is the centre of the Cylinder. The 
parts in the diagram (page 36), are drawn to scale, so 
that if procured of the sizes indicated, thiey would, 
when put together, make a working model : double 
the size given is, however, recommended as being 
easier to make, and consequently more likely to work 
satisfactorily. 

The base-plate (fig. 19), for economy of space, is drawn 
only half the size suitable for these parts, so that all 
the dimensions in this figure would have to be doubled. 

If the bed-plate be of polished brass the lines should 
be lightly drawn, and in such a manner as to be con- 
cealed by the parts which will work over them ; observ- 
ing this point and assuming all the prindpal parts to 
be gcA together^ either by purchase or making, the 
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first thing to be done is to screw tho pillars or supports 
into the bed-plate (see fig. 19). The cross-head G and 
connecting-rod H should then be attached to the 

^ piston-rod F, the eccentric O placed on the shaft K/ 
and the plummer-blocks M M' on each side. These 
should be laid on the bed-plate, and the required 
distances for each marked, the crank-arm I being 
nqg^ screwed on to the shaft. Where guiding-rods are 

. used, they should at this stage be screwed into the 
cylinder cover, and the cross-head made to slide oyer 
each rod. If guiding-rods be omitted the piston-rod 
guide S S' should at this stage be screwed down 
to the bed-plate. The cylinder should now be fixed 
by the screws which pass up under the bed-plate, and 
the distance. of the plummer-blocks found by the 
motion of the piston and the eccentric-rods. Now fix 
and key the fly-wheel, and screw the steam-tap T into 
the steam-chest D, and connect the steam-pipe U with 
the steam-chest D and boiler W, by means of " unions,'* 
V v. The safety-valve X should now be screwed in at 
the opposite end of the boiler. Now fix the plug Y in 
the centre of the boiler, and screw in the one or more 
gauge-taps. Push the boiler down into the space in 
bed-plate cut to receive it. A piston or cylinder has 
an " easy side," and before finally attaching the con- 
necting-rod, the one should be worked up and down in 
the other, and turned round simultaneously to find out 
the relation to each other lA which they work with the 
least amount of friction. The joints of the cylinder 
covers may be made steamtight by the use of a little 
white-lead. 

The material throughout is brass, with the exception 
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of the piston-rod and eccentric-rods, the crank, crank 
axle, &c. Brass tube of suitable diameter and length 
being chosen for the boiler, the ends are closed by sol- 
dering in two cast discs of metal, and turning off neatly 
in the lathe. 

Setting the slide-valve, or fixing the eccentric in its 
proper position on the shaft, is the final and m6st 
important adjustment. The length of the]eccentric-rod 
must first be determined ; which may be done very 
nearly by placing the slide-valve in the middle of the 
cylinder face, so that the steam ports shall be equally 
covered, the lap of the slide being equally divided. 
Then fix the eccentric in any position on the shaft, and 
turn the shaft round until the wide side of the eccen- 
tric is in its highest position, and measure from the 
centre of the pin in the slide-rod joint to the bottom 
of the socket on the eccentric ring, which is the length 
of the rod. The rod maj'^ be allowed a little longer 
than the actual measurement at starting, as it can 
always be shortened, but its length can only be ex- 
tended within narrow limits. The socket end of the 
rod must have a screw formed on it to fit the eccentric 
strap, and the rod may be adjusted to its true length 
by screwing it in or out of the socket. Having fixed 
the eccentric-rod, turn the shaft round until the wide 
part of the eccentric is in its furthest position from 
the cylinder, and notice how much the steam port for 
the bottom of the cylinder is opened, then turn the 
shaft again until the wide part of the eccentric is in its 
nearest position towards the cylinder, and observe 
the amount of opening of the port for the top of the 
cylinder. If the port for the top of the cylinder be 
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opened wider than the lower port was, tiie rod is too 
long, and must be shortened half the amount that oiLe 
port is opened wider than the other ; if, on the other 
hand, the bottom port is too much opened, the rod 
requires lengthening half the difference by unscrewing 
it further out of the socket on the eccentric band- 
When both the ports are equally uncovered, the length 
of the eccentric-rod is coiTect. In making this adjust- 
ment the cover of the steam-chest has to be removed, 
and a small strip of brass temporarily screwed on to 
keep the slide-valve against the cylinder face. The 
next operation consists in fixing the eccentric on the 
shaft, so that the steam shall be admitted to the cylin- 
der at proper intervals during the stroke of the piston. 
To do this, the piston should be brought to the bottom 
of the cylinder, then turn the eccentric round on the 
shaft until the port for the bottom of the cylinder is 
opened sufficiently to admit a narrow strip of writing- 
paper, then fix the eccentric with a key, or set screw, 
and turn the shaft round imtil the piston is at the 
top of the cylinder ; if the edge of the paper just enters 
the opening of the port, the valve is properly set ; this 
amount of opening before the piston commences its 
sti'oke is called the lead of the slide, and should it not 
affect the ports equally, the length of the eccentric-rod 
requires readjustment. 

Before setting the engine to work, small holes should 
be drilled in the top of the bearings, piston-rod guide* 
eccentric-band, and crank-pin end of connecting-rod, 
for admitting oil for lubrication. Oil-cups for screw- 
ing into these openings may be purchased, which when 
used give » finished appearance. 
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Fig. 21 siiowB a uiodel which is |iurchas(jd very 
freeVy on account of its attractive appearance, being 
"finished off" in bright brass throughout, except the 
steam and waste pipes, which are bronzed. Much 
instruction may be gained by purchasing the separate 
parts in a finished condition and putting them to- 
gether. Tills model contains representatives of the 
following parts in a real engine : — 

A. Bed-pkta. G. Limp-fumaa«. N. Cnmk and cro«s- 

B. Boiler. H. Fly-wheel. head. 

C. Waatc-pipe. K. Stenm-chaat. 0. Standards. 

D. Safety-vttlvo. L. Cylinder. P. Plummer-bloclM. 
B. Bteam-pipo. H. I^ston-rod. Q. Gauge-tap. 

¥. Begulating-eook. 
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The parts distinguished in the list by letters O, P, 
Q, liave not corresponding letters in the cut: the 
standards and plummer-blocks support the fly-wheel 
axle : the gauge-tap is at one end of the boiler. 



f^g. 22.'Bnui Tbbibhtho UACHini. 

Several very beautiful applications of the Horizontal 
Engine are made at the Britannia Works, Gains- 
borough, under the direction of Messrs. Marshall, Sons, 
and Co., Limited, one of the most interesting of which 
is the Steam Thrashing Machine, fig. 22, which is 
shown as at work, preparing the grain for market at 
one operation. The working parts of the engine are 
arranged with much simplicity on the top of tlie 
boiler. 
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Fig. 23 illustrates another modification of the Hori- 
zontal Engine mounted on wheels for fecility of transit. 



manufactured by the same firm. It is a Self-acting 
Circular Saw Bench and a Portable Ix^ Frame, each 
driven from a separate fly-wheel on the engine crank 
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shaft, — an adTantageoaB aTrangement, enabling estate 
owners to convert their timber at 
the place of growth. 

The horizonta] position of the 
cylinder is by no means essential, 
the forms of high-pressure engines 
being very varied. In that known 
aa the crank-overhead engine the 
cylinder is fixed and vertical, and 
fig. 2i represents a simple and efiTec- 
tive form with the crank under the 
cylinder, much used in grocers' 
shops for driving small coflfee-mills, 
and other similar purposes. Fig. 25 
is a sample form of glass steam-gauge for this 
model There are high-pressure beam engines 
with vertical cylinders, similar in appearance 
to the double-acting engine of Watt, described 
and figured at pages 26, 28, but without the 1 
usual auxiliaries of pump condenser, &e. '*' " ' 

Another form of stationary engine, with the 
crank under the cylinder, shown at fig. 26, repre- 
sents Chain's Non-condensing Vertical-Action Steam 



P - - 



Fig. 25a illustrates the LeVeb Safety n 
Valve, appropriate to tliis and similar * 
model en^es. 

These engines are complete, with Kg. is*. 
governor, force-feed pump, and turned fly-wheel ; and 
are, in every respect, simple, strong, and economical. 

Models of these may be seen in the windows of 
philosophical instrument makers ; and the separate 



44 THE MODEL STEAM ENQIKE. 

pai-ta may be purchased and put together iu accordance 
with the instructions ^ven at page 37, observing such 



Fig. as— Chxflth'b VisTiGib-AcTiair Stub Esbini. 

modificationa as are required by the varying form ( 
position of the several parts. 



Fig. Sti. 

Fig. 26a illustrates the single crank used in this 
form of engine. 
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The steam hammer has doubtlessly contributed more 
than any other mechanical invention of modern times 
in developing the wonderful resources of the iron trade, 
and is still looked upon as a marvel of engineering skill 
and ability. The first idea of a steam-hammer appears 
to belong to James Watt, the great father of engineers, 
and was patented by him in 1784. In 1806, a William 
Deverell, described as ' an engineer of Surry,* also took 
out a patent for a steam-hammer ; and from this time 
to 1837 the matter seems to have been entirely lost 
sight of until it was taken up again by Mr. James 
Nasmyth, who, however, did not patent his invention 
till 1842. This form was defective in many points, and 
was ultimately perfected by Mr. Robert Wilson. Under 
the influence of this very beautiful mechanical motion 
every variety of blow could be given, from the gentlest 
tap to the heaviest blow within the compass of the 
hammer, and that, too, perfectly self-acting in every 
respect. By simply altering the position of the tappet 
lever by means of two screws, a blow of the exact 
force required could be produced and continued so long 
as steam was supplied. So completely was the hammer 
now under control, that it became a favourite amuse- 
ment to place a wine-glass containing an egg upon the 
anvil, and let the block descend upon it with its quick 
motion ; and so nice was its adjustment, and so delicate 
its mechanism, that the great block, weighing perhaps 
several tons, could be heard playing tap, tap, upon the 
egg without even cracking the shell, when, at a signal 
to the man in charge, down would come the great mass, 
and the egg and glass would be apparently, as Walter 
Savage Landor has it, * blasted into space.' 
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Ha,mmer8, as now constructed, as appear near per- 
fection as it is possible to conceive them to be, and 



witb blocks of all sizes, from 2 cwt. to 25 tons ; not- 
witlistanding, those of the largest and moat powerful 
class are, by means of the improvements above de- 
scribed, worked with as much precision and ease as the 
merest toy. See fig. 27. 

A drawing of a Naemyth Steam Hammer is intro- 
duced on a scale of one-sixth the size of a very pretty 
working model, having a piston of 3-incb stroke as a 
basis. 
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Calculation of Power of Steam Engines. 

In estimating the comparative capabilities of a man, 
a horse, or a machine, a common standard or " unit of 
work" is obviously necessary. That chosen in this 
country, called the " foot pound," is one pound raised 
through a space of one foot in one minute; and the 
power expended in raising a given body is ascertained 
by multiplying the weight of the body in pounds by the 
vertical space through which it has been raised in feet. 

There is an evident error in the assumption that 
horses will, in a specified time, do a constant amount 
of work, and accordingly the estimates of the most cele- 
brated engineers are of a very conflicting character ; as, 
however, it matters little what the assumed number is, 
so long as the same be always used, the average power 
calculated by James Watt is the accepted standard, 
viz., 33,000 pounds raised one foot high in one minute ; 
and the rule in calculating the power of a steam engine 
is to " multiply the area of the piston by the pressure 
of steam per square inch, which will give the load on 
the piston ; multiply this product by journey in feet 
per minute (usually taken at 200 feet per minute) ; this 
second product divided by 33,000 (the power of one 
horse) will give the horse-power of the steam, from 
which deduct one-third for the friction and other 
resistances of the engine. 

The power of six men is usually reckoned equal to 
that of one horse. 

A cubic inch of water will produce a cubic foot, or 
1,728 cubic inches of steam. — Ure. 

100 cubic inches of steam, at the standard pressure of 
30 inches, weigh 14*68 grains. — Ure. 
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When model engines have cylinders of one inch in 
diameter, and are worked at a pressure of 30 lbs. to 
the square inch, or two atmospheres, the speed of the 
piston is calculated to be 42 feet per minute, or nearly- 
half a mile per hour ; the fly-wheel makes 500 revo- 
lutions per minute, and the weight lifted is equal to 
882 lbs. per minute. 

The Locomotive Engine, 
AND its Representative Models. 

The elaborate cut on page 49 shows all the details of 
a Locomotive Engine.* 

It will be seen that, for the reason above stated, the 
condensing apparatus is omitted, and the boUer (shown 
in longitudinal section' in fig. 29) is constructed with 
a view to the rapid generation of steam. It is made of 
wrouglit-iron plates firmly riveted together, and cased 
in felt and wood to keep in the heat. The fire-box 
Z Z, tig. 1, consists of an inner and an outer case, the 
intermediate space being filled with water. The form 
of boiler used in locomotives is distinguished by the 
appropriate name of multitubular. These tubes are 
shown in longitudinal section at fig. 29. In some 
engines there are as many as 125 in number, all of 
which communicate with the furnace, and through 
them the heated air passes to the chimney or smoke- 
box Y ; they are indicated in fig. 28 by the letter a. 
The result of having such a large amount of heated 
surface is the rapid conversion of the wat«r into 

* Thifl engraving is reproduced from Ganot's " Physics '* (translated 
by Dr. Atkinson), by permission of Messrs. Longman and Co., the pub- 
lishers. It is a fine specimen of the engrayings which embellish that work . 
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steam. The steam so generated accumulates in the 
upper portion of the boiler, represented by the white 
space in fig. 29, extending to the steam-dome B, fig. 29 ; 



Z, fig. 28 ; where it enters the steam-pipe A, and 
passes to the cylinders F, where it acts on the piston 
in proportion to the rate at which it is allowed to 
enter ; thus being under the control of the driver, who 
it will be seen holds in his hand a lever communicat- 
ing with a rod G, which opens or closes the regulator 
valve I. In the French engines, of which fig. 28 is a 
representation, the steam-dome is placed over the fire- 
box ; while in English engines, fig. 29, it is at the 
farther end of the boiler, near the chimney. The 
steam-pipe divides into two branches in the smoke- 
box, thus directing steam into both cylinders. In 
fig. 28, portions of the steam-dome, cylinder, and fire- 
box are Cut away to show the internal arrangements. 
When the steam has accomplished its purpose of 
giving motion to the pistons in the cylinders, it 
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escapes through the exhaust-pipo E into the smoke- 
box Y, rushing with great force up the chimney in 
company with the smoke, thus materially increasing 
the draught in the fire-box. The purpose of the steam* 
dome is to collect the steam in as dry a condition as 
possible, far enough above the water to prevent any of 
the latter from entering the steam-pipe, the opening of 
which is shown to be near the top of the steam-dome. 
Before resiching the cylinders F, to act on the pistons 
P, the steam first enters the steam-chests, its entrance 
being controlled by slide-valves worked by eccentrics 
fixed to the main crank axla The forward and back- 
ward motions of the engine are each regulated by 
separate pairs of eccentrics, and the motion of the 
pistons P is communicated to the driving-wheel by 
the connecting-rod E, and the crank axle M. In the 
engraving, fig. 28, the signal whistle is shown at g, 
the safety-valve at i, and the cases containing springs 
by which the safety-valves are regulated at 6 ; raw, 
indicate the steps by which the "steady stoker" 
ascends and descends, n the gauge-tube showing 
height of water in boiler, rr are guiding-rods' by 
which the motion of the piston is kept in a straight 
line. The "blowing-off" taps, used when the piston 
is in motion, are shown at 1 1, just under the cylinder 
and the rod which opens them at v. 

MODELS OF STEAM FIRE ENGINES. 

An amateur desiring to construct a model of a steam 
tire engine would do well to establish friendly relations 
with the foreman at one of the stations, and having 
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convinced bim of bi»< ability to complete the task 
would doubtleBiS obtain permission to measure tbe 
varioua parts, and ao make bis working drawings on a 
scale of one inch to a foot. Want of space prevents 
more being given here than two good illustrations and 
a general description of each. 



. fig. £9a^-ModIi. or MiimnUBim'j SnxiL Fiu EvaiKi. 

Simplicity of construction is a leading characteristic 
in these engines ; the moving parts are few, and, 
as the pumps and steam cylinders are lai^, and have 
long strokes of pistons, an excessive speed is not 
required, and the wear and tear is reduced to a mini- 
mum. 

None of the working parts are attached to the boiler. 
The steam cylinders and pumps are horizontal and 
fixed on a rigid wrought iron frame, the boiler being at 
the hind end. They are on the "Field" sjratem. 
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Steam is raised, from cold water to working pressure 
in seven minutes. The deUveiy of water is perfect and 
equal, as the pistons have an uniform speed through- 
oat the stroke. 

The Pumps are double-acting, and their valves which 
have large clear openings, are so arranged as to be 
easy of aocess. 

Shand and Mason's Steam Fibe Engine is shown 
at page 55, fig 29 B. A working model of this steam 
tire engine in the possession of the writer, and made by 
kind permission of the patentees from their working 
drawings to a scale of one inch to a foot, measures 
18 inches long by 12 J- inches high by 8 inches wide, 
the drawing is therefore on a scale of one-third. 

This model is capable of throwing a jet of water to 
a distance of 20 feet. It consists of a vertical double- 
acting steam cylinder placed in an inverted position 
directly over and concentric with a water cylinder 
fitted with bucket and plunger. The plunger is 
connected direct to the steam piston by two rods, 
and to a crank (working between the steam and water 
cylinders, and also between the said rods) by a con- 
necting rod jointed to the bottom of the plunger. The 
water cylinder has a vertical frame cast on the top; 
the upper end of which forms a cylinder bottom, to 
which the steam cylinder is bolted ; this vertical frame 
also carries the bearings of the crank shaft, and on this 
shaft a fly-wheel and eccentric for working the slide 
valve and feed-pump are fixed, and water cylinders 
may be connected by rods. The water cylinder or 
fire-engine apparatus^ is constructed with valves and 
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air vessels, and the delivery has two outlets for at- 
taching hose, and is fitted with a stop valve, which can 
shut off either of the two outlets, but only one at a time. 

There is also a sheet metal trough in front on the 
under side, to which the plate of the locking carriage 
is fixed ; and on the upper side a tool box, with driv- 
ing seat and footboard and seats for firemen ; under 
this box is a receptacle for hose, which can be placed 
in coils or wound on a reel The steam boiler is placed 
in the front of the hind axle, and the steam and fire 
engine apparatus at the back, but fixed to the boiler ; 
this admits of better access to all parts of the engine. 
The hind springs are made of steel plates in the usual 
manner, but combined with spiral springs and india- 
rubber stops to provide a better action and to reduce 
weight. There is a footboard in two, pieces at the 
back, on which the man travels and attends to the 
fire. There is a furnace door in front and a coal 
bunker fixed to the fore locking carriage. 

Allusion has been made in a former paragraph to 
the appearance of life and motion being imparted to 
dead iron by steam. If this invests an ordinary engine 
with interest, nothing less than wonder will be excited 
by a consideration of the Locomotive Steam Crane * 
(Frontispiece), which, like an obedient slave, may 
be made to run from place to place, pick up its heavy 
burden, and deposit it with the greatest care wjierever 
required, all under the easy control of one man. The 
engine and boiler swing completely round on the cen- 
tral pillar, and counterbalance the load ; the jib is 

* We are indebted to Messrs. Chaplin & Co., of Cranstonhill Engme 
Works, Glasgoir, for permission to introduce this engine to the reader. 
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adjustable at any angle, and the CTane is made to hoist 
lower and turn roun^ in either direction by steam 
while by the same power it is propelled on rails along 
a wharf or in a building, aa shown in the engraving. 



How TO Make a Model Locomotive. 
The frontispiece shows all the details of arteal loco- 
motive, and on page 56 a sketch of the simplest form 
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of model is given. Between these extremes, miniature 
enginea of all degi-eea of finish and amounta of detail 
may be made or purchased. 

A. model in^wbich every minui« appliance, shown in 
fig. 28, is reproduced, would be a very expensive one, 
and is consequently seldom made for sale, except to 
a. special order or by a skilled amateur. Very efficient 



Fif. 30.— Mosu Loooiiaiin. 

models are, however, found in the shops in great 
variety of sizes and degree of finish ; the prices of 
which vary in exact proportion to their resemblance in 
point of detail to a real locomotive, from jE2 to jQlOO. 

The three following forms may be adopted in the 
consta-uction of a miniature locomotive : — 

1. Single>actiou oscillating cylinders owtaide the 
framing. 

2. Double-action oscillating cylinders inside framing, 
with double crank, driving-shaft, or axle, 
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3. Double-action fixed cylinders, with steam-chest, 
slide-valve, eccentfic, &c., outside the framing. 

The first is illustrated by fig. 30, and is the simplest 
form of model locomotive. It contains representatives 
of the following parts in a real engine, and may be 
advantageously purchased ready made : — 

A. Bed-plate. F. Steam-tap. E. Steam-chestV m 

B. Boiler. G. Tender. L. Cylinder. * 






t 

EH 



C. Funnel. HH. Carrying-wheels. M. Piston-rod. 

D. Safety-valve. I. Driving-wheels. N. Cross-head. 

E. Steam-pipe. 

The third is similar to fig. 28, and may anclude 
-bII the parts of a real engine as described on pages 
48 and 50, thus necessitating an aipount of labour 
which would deter many amateurs from commencing 
the work. 

Tlie second form affords cousiderable scope for the 
exercise of the constructive abilities of an amateur, and 
when completed yields a really satisfactory working 
model of a locomotive. 

It is simple and effective without being complex, 
and the construction of it may be undertaken in the 
expectation that, with due attention, a good result may 
be obtained. 

The diagrams on page 59 show this engine and its 
various parts from different points of view. 

A. Bed-plate. E. 2 Buffers. 

B. 2 Side-frames. F. Buffer-beam. 

C. 2 Driving-wheels. G. 2 Guard-rails. 
D« 2 Leading-wheels. * H. Boiler. 

* The wheels of a locomotive are called — 1st, leaders or leading- 
wheels; 2nd, drivers or driving-wheels; 3rd, tfailers or trailing- 
wheels. 
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I. Gauge-tap. B. Tubular bowu 

J. Steam-tajp. S. Steam-chest 

K. Steam-pipe. T. 2 Steam-porte. 

L. Whistle. U. 2 Exhaust ports. 

M. Stopper or plug. W. Double crank driving axle. 

N. Spring safety. valve. X. 2 Pistoup. 

0. Steam-dome. Y. 2 Piston-rods. 

P. Funnel. Z. 2 Connecting-heads. 

Q. 2 Double-action cylinders. x. Leading axlc^ 

The parts of the engine are indicated by letters 
which refer to the list, and in making the " working 
drawings" it will be found instructive to attach the 
names to each. 

Fig. 31 is an elevation of the engine, with boiler and 
fittings in section, to show the pipe for carrying the 
steam to the cylinders, steam-whistle, safety-valve, 
plug, &c. Scale one-third. 

Fig. 32 is a plan of the undei-side of the engine, 
showing the position of the cylinders, the crank-axle, 
driving-wheels, leading-wheels and axle, &c. ; also the 
opening in underside of the boiler, through which the 
flame of the lamp acts on its flat bottom. 

Fig. 33 is a section in the direction of the dotted 
lines a b (see figs. 31 and 33), showing the plate which, 
being screwed to the end of the boiler H, keeps the 
steam-pipe K in its place. A sectional view of the 
bed-plate is also shown, with the pendent "lugs/' 
which serve to hold the screws to secure the side- 
frames. The small letters ii indicate two brass in- 
verted piUars secured to the bed-plate by the same 
screws, which, running through the top, hold the guard- 
rails G in their places. These pillars, with the screws 
passing through their lower ends, form, as will be seen, 
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a means of suspending the cylinders on the points or 
trunnions on which they oscillate, thus showing the 
manner in which they are pivoted in their working 
position. The inside trunnions are concealed by the 
solid metal work of the steam-chest, in the faces of 
which the steam and exhaust ports are cut. The 
positions of the steam-chest S, and the cylinders Q Q, 
are also shown. Scale one-third. 

Figs. 34 and 35 show an elevation and cross section 
of the stea/mnchest with the steam ways. 

The steam enters from the boiler through a into the 
top arc, and finds its way into the cylinder from this 
arc through the small porta in the flat side of the 
cylinder, which oscillates alternately over the end of 
the arc ; the exit steam finding its way out through 
the same ports into the ends of the lower arc through 
to 6, whence it may be conducted by a small pipe 
into the fimneL 

Fig. 36 is a section of the spring buffers E, figs. 31 
and 32, drawn to a scale of one-half ; fig. 37 being a 
plan showing the " lugs " by which they are secured to 
the buffer-beam, a is a solid cap or head, which is 
soldered to the sliding tube 6. Screwed into this cap 
is a small spindle «, which is encircled by the spiral 
spring. The tube b fits c accurately with a telescope 
motion. The central spindle is furnished with a head, 
a 8, which, by coming in contact with the flange /, 
prevents the moveable part of the buffer fi:om pro- 
jecting too far. The sliding tube may be readily 
removed, — when the buffer is separate from the buffer- 
beam F, by simply unscrewing the spindles. The 
spring is made of soft steel wire by coiling it round a 



THE MODEL STEAM EHOIKK. 61 

small rod of suitable diameter, and afterwards temper- 
ing it to a blue colour. 

Figs. 38 and 39, drawn to a scale of one-half, sbow 
the details in the construction of the con/MCtvng-heada 
at the top of the 'pieUnirroda, and the hole through 
which the crank of the driving-axle passes. 

In commencing an engine such as that now under 
consideration, it is necessary to have what are called 
"working drawings" of the actual aiae it is proposed 
to make the model The first thing is to make full-size 



R, section of angle iron witli ecrew lo attaeli to boarf, for eiicnlar or 
straight locomotiTe roils. 

Fig. 11 represents a method of makiiig circular rails by attaching 
pieces of wood like a to n common centra, msMng two saw outs in each, 
and pressing into these two bands of tliin sheet brass, strengthening the 
intermediate spac«s by short pieces like b. 

dmwingB of the separate parts ; and if no portion is 
to be purchased ready made, patterns must be made 
in wood, and sent to the foundry. Although on a 
small scale, the dia^^rams on page 59 are drawn with 
extreme accuracy by a skilled engineering draughts- 
man, and may be accepted as working drawings. The 
centree are indicated by dotted lines. 
In making the drawing of a locomotive, a dotted 
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line, a b, should first be drawn to represent the centre 
of the engine and boiler, on which other centre lines 
should be set off transversely at correct distances accord- 
ing to the scale, starting with the centre of the trun- 
nions, as cd, fi'om which the distances of the axles, &c., 
should be set off. Then fix the position of the cylinders, 
and draw in their centre lines measured fi'om the fun- 
damental centre a 6, fig. 40. 

Having thus -determined the position of these 
primary centres, the details can readily be delineated, 
always remembering to measure from the centre lines 
of the part being drawn ; and in putting the engine 
together the same sjrstem should be adopted, and the 
same centre lines carefully set out on the bed-plate. 

The castings will be found divisible into those which 
require turning in the lathe, and those requiring to 
be fitted in the vice. Among the former are the boiler, 
cylinders, pistons, wheels, axles, funnel, steam-dome, 
whistle, safety-valve, fittings, buffers, &;c., and among 
the latter all the parts which have flat rectangular 
faces requiring to be finished up with the file. 

A list of tools necessary for these operations, with 
general directions for their use, will be found at pages 
83 to 95, and as experience and practice can alone give 
that facility of manipulation which is necessary to the 
production of a model engine that will work, it is con- 
sidered that general instructions on the order and 
method of putting the parts together will be found 
more valuable than minute statements as to the par- 
ticular manner in which a certain tool is to be used, 
or as to how far a pin is to be driven in before it is 
riveted over, &c. 
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To begin, then, aecuTdte oentrmg is of primary 
importance, and the first thing to be determined is 
the fundamental centre from which all menaurements 
must be made. In this instance the centre longitu- 
dinal line of the entire engine, i. e., right down the 
centre of the engine and boiler, is the starting-point 
for all measurements ; and as the successful working 
of the engine depends mainly on the accurate " mark- 
ing off "" of the various centres from this fundameTUal 
centre, its importance cannot be too much insisted on. 

If, instead of measuring at all times from this funda- 
mental centre, a measurement were made, for instance, 
from the centre of the driving-wheel to the centre of 
the leading-wheel, and thence to another centre, and tjo 
on, any trifling inaccuracies which might occur in each 
measurement would, if tested at the third or fourth 
remove from the fundamental centre, be found to be so 
£aj* out as to preclude all possible chance of the engine 
working, owing to the addition of trifling eiTors occur- 
ring at each fresh starting-point. 

Marking the centre of the driving-wheels brings 
under consideration all that part of the engine called 
the framing, which is the portion which should be first 
put together, great care being taken to make it quite 
square ; the consequence of inattention to this point, 
and having any of the parts crooked or awry, being 
that the mechanism immediately dependent on the 
framework becomes distorted, and an unfinished, un- 
workmanlike appearance is imparted to the whole 
machine. 

The hed^pUde A is a solid brass casting, 8^ x 3^, 
with a large opening, 6i x 2^, into which the boiler 
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fits ; and a small slot on each side at C, through which 
a portion of the circumference of the driving-wheels 
revolves. The ends are (so to speak) turned down f of 
an inch, as shown at figs. 31 and 32, and in the centre 
of the flange thus formed at one end a pin is inserted, 
from which a "coupling hook" is suspended, and at 
the other a screw is passed through to fix the boiler in 
its place. Two extra holes are made on this end to 
receive the screws, which, passing through the buffer- 
beam F, secure it to the front of the engine. 

The sides of the bed-plate have small " lugs " cut on 
them, which, when tapped, serve to receive the screws 
with which the side-frames are secured. See dotted 
lines on side-frame, fig. 31, and plan of bed-plate, fig. 32. 
In the centre of the bed-plate, near one end, wiU be 
observed a boss, for the purpose of screwing the steam- 
chest through into the steam-pipes from the boiler. 

The slde-frctTnea are cut out of sheet brass J of an 
inch in thickness, which is somewhat reduced by the 
filing necessary to bring up the surfaces. Each side- 
frame will require five holes, three being tapped for 
the screws with which they are secured to the bed- 
plate, and the others simply drilled' for the reception 
of the driving and leading axles, which of course must 
be set out and marked with a centre punch in the 
manner previously described. 

The boiler is made from a piece of brass tubing 6\ 
inches long by 2| inches in diameter, into each end of 
which is strongly soldered a circular brass casting, the 
front one having an extra ornamental ring turned on 
its surface, which if bronzed in finishing the engine, 
while the surrounding brass is left bright, gives a very 
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exact resemblarice to the " smoke-box " door in a real 
locomotive. On reference to fig. 32 it will be seen 
that a portion of the circular tube forming the boiler 
has been cut away, and that a flat plate of copper (see 
fig. 31) has been soldered in, so that the bottom of 
the boiler is really flat, and the flat plate and the 
remaining portion of the tube being in communication 
with the funnel forms a means of exit for the fumes 
from the lamp, the flames of which play in the space 
H, fig. 32. Before attaching the " furniture " to the 
top of the boiler a central line has to be marked, and 
upon this the centres of the whistle and plug M, safety- 
valve N, and the steam-dome O are " marked off,'' and 
the holes drilled and tapped to receive the shanks 
of these different pieces, which must, of course, have 
been previously made. The holes for the chimney 
and the steam-dome being of somewhat larger di- 
mensions, thickening pieces must be first soldered on, 
as shown in the drawing. Having completed the 
boiler by securing the steam-pipe bend, with its cock 
in the proper position, it may be lacquered and put 
carefully away, while the working parts of the engine 
are being finished. Having made these various 
pieces, the plan must be referred to, and taking the 
bed-plate, the various centre lines indicated on the 
drawing must be carefully set oft on its under side, 
JEind the first centre marked must be the one to receive 
the shank of the steam-chest on the small boss in 
the bed-plate cast to receive it Having screwed on 
the side-plates, which have previously been bored to 
receive the axles, the centre lines of these axles may 
be laid down, and all the other centre lines and punch 

E 
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marks must be determined from the pieces of work 
themselves, as it is not probable that they wiU have 
been made so exactly to the drawings as to enable 
the same measurement to be taken. 

Care must be taken that the diameter of the wheels 
is correct, so that the points of bearing on the cir- 
cumference are in the same plane, which plane must 
be parallel to the bed-plate. If they do not all bear 
equally, that which bears the hardest must of course 
be turned down a little in the lathe. 

The Tnain or driving aode, with its double crank, 
may be made of iron, but preferably of steeL The 
ends should fit tightly into the centres of the driving- 
wheels, and be further secured by keys or wedges to 
prevent the wheels turning upon them. The length 
of this axle may be modified to suit any convenient 
width of engine ; too *' broad a gauge " should not be 
chosen, however, as it only adds weight without in- 
creasing the efficiency of the model 

The leading axle a? is a simple straight piece of steel 
wire, of sufficient diameter to admit of being turned 
down at each end so as to leave a projecting collar 
against which the wheels are forced when putting 
them together; they are thus kept in position end- 
ways, and the keys or wedges prevent them slipping 
off outwards. 

Fig. 31 gives a front elevation of the driviavg and 
leadmg wheels, and fig. 32 shows all four wheels end- 
ways; their diameter and width can therefore be 
determined by measurement The leading-wheels will 
be seen to be smaller in diameter, but in thickness Or 
width they are the same as the drivers, while the 
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flange projects beyond the large part of ike tire to the 
same extent in both instances. 

Afl each pair of wheels Is rigidly keyed on to one 
axle, and must revolve together, it is of the utmost 
importance that they should be of the same diameter, 
otherwise one would travel further than the other in 
a given time, and thus, instead of the engine going 
straight forward, it would be trn>.Hng constant efforts, 
or rather, would be impelled " round a comer ; " and the 
extent to which one wheel would be in advance of the 
other would be exactly equal to the excess of the cir- 
cumference of one wheel over the other. 

It need hardly be stated that the four wheels in 
this model are castings, the tires of which have to be 
turned in a lathe, and it is while tiu-ning that the 
accurate adjustment of diameter is effected by the aid 
of caUipers. In testing their accuracy a perfectly flat 
surface must be used to run the en^e upon. 

The guard-rails are made &om sheet brass and brass 
wire. Ten pieces of No. 16 brass wire, IJ 
inches long, are cut off with the wire- 
nippera, and the top and bottom plates 
having been cut out according to the 
drawing, five holes are drilled through 
each of the plates, into which the ends of 
the wires are inserted and secured, with 
the least posable touch of solder. They 
are then neatly filed down to a flat even Kg-o. 
surface, polished, lacquered, and set aside with other 
finished and separate portions of the en^^e, until all 
be ready for erection: they are improved by being 
bronzed. 
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Fig. 43 shows an elegant form of steam 
gauge applicable to this model 

A front view of the gauge-tap is slown 

at I, fig. 33, and the stea/mrtap is shown at 

K ; and as then- construction is complex, 

these should be purchased ready made. 

Fig. 43. The steam-pipe K is in three pieces, the 

elbow just under the steam-dome being a casting, into 

which the smaller tubes are screwed, while the curved 

end is soldered to the steam-tap. See fig. 31. 

The buffer-bearrh F is a piece of ebony or mahogany, 
5 X f X i inches, shown in fig. 32. 

The whistle, being more complex than the 
steam-tap, may be purchased ; the form of the 
castings is shown in section at L, fig. 31, and 
at fig.^ 44. 

The stopper or plug M is simply a solid 
Fig. 44. piece of brass of any appropriate form, screwing 
into the opening through which the water is supplied 
to the boiler. 

The spring safety-valve N depends for its action oh 
a part of the steam-donfie. At the top of the 
latter is a small opening into which a plug is 
fitted, and a little to the right a brass bearing 
with a slot is screwed. A steel arm, secured 
^*e-^* by a pin passing through the slot, rests upon 
the plug, and is screwed to the spindle which works 
in the tube containing the spiral spring. The directions 
for making the spring buffers will be found applicable 
to the construction of this portion of the furniture. 

Hhefu/nm^l P for convenience of packing is in three 
pieces : the thickening piece is soldered to the boiler ; 
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the straight tube, 2| inches long and | inch diameter, 
fits tightly into this ; and the funnel portion, with a 
shoulder to fit the tube, is turned out of a casting. 
Diameter of spread of funnel 1| incL 

-The cylindera are double-action, and the details of 
their construction will be gathered from a study of 
figs. 31, 32, and 33, together with fig. 20, the latter 
containing a sectional drawing of the same kind of 
cylinder showing the steam ways. These are the parts 
upon which the working of the engine mainly depends, 
and for reasons already assigned are recommended to 
be purchased ready made. 

The tubular boas R is a portion of the solid casting 
of the bed-plate through which the steam-pipe K 
passes. 

Details of T and XT are shown in figs. 34 and 35, 
while the form o{ piston is shown in section at fig. 38. 

The double-crank driving axle if purchased ready 
made wiU save much hard labour in turning and filing 
in iron. The cost is trifling. 

As the pressure of steam producible in model loco- 
motives seldom exceeds two atmospheres, or 30 lbs, to 
the square inch, it is important to establish a proper 
relation between the weighs of the engiae with its charge 
of water and spirit, and the diameter and the stroke of 
the piston. Disappointment sometimes happens from 
failing to give this point due consideration. 

In a real locomotive, if a great increase in the 
weight to be moved takes place, the tubular construc- 
tion of the boiler and the addition of more coals, like 
more whip to a horse,, favours the production of steam 
at a high pressure, and notwithstanding that the area 



70 THE MODEL 8TEAM EHGISE. 

of the inston upon wMch the propelliiig force of the 
ateam is exerted is a fixed quantity, the train is 
started. In a model locomotiTe, however, Bteam ex- 
erting a greater pressure than two atmospheres can 
seldom be generated, and hence the importance of 
making the en^e as light as possible, consistently 
with durability, and also ol^erving never to increase 
the weight by making the boiler more than half full of 
water. 

Many of the models of Locomotive Engines offered 
for sale in the shops of philosophical instrument 
makers are beautifully painted and ornamented with 
brass fittings, and a number of minor appliances, which 
impart to them a very exact resemblance to their full- 
grown brethren. As the possessor of sud] a model will 
be desirous of preserving its external attractions, it is 
necessary to be careful as to the manner of chai^ng 
the lamps, or in other words, stoking the fire. One 
form of the lamps is shown at fig. 46. R is the reser- 
voir, and are openings in the tube or supply 
pipe leading from the reaerv'oir. The cotton wick 



supplied by the opticians should be cut into short 
lengths of about an inch and a half, and packed very 
tightly into the tubes O 0, and not allowed to project 
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more than a quarter of an inch above the edge of the 
wick-holder, so that when charged with spirit through 
the opening E in the reservoir, and ignited, it should 
3rield a blue flame not more than half an inch long* 
Two such flames will be found sufficient to keep up an 
active diseng agement of steam, and keep the engine in 
motion for more than half an hour. 

MODELS OF MARINE ENGINES. 

For Marine purposes the chief point to be borne in 
mind in the construction of a Steam Engine is, reduc- 
tion of the space occupied by the machinery ; and on 
this account the arrangement of the parts diflers 
greatly from the land engine. The oscillating cylin- 
der is more frequently used than any other, and while 
its diameter is greater than in a land engine, the stroke 
of the piston is much shorter. 

As the whole of the machinery has to be placed 
below deck, the low-pressure condensing principle is 
generally adopted in the construction of the engines. 
Motion is imparted to the paddles by connecting the 
top of the piston-rods directly with the cranks on the 
paddle-shaft, as in flg. 50 ; and as this revolves by the 
up-and-down action of the piston, the cylinders oscil- 
late on the hollow tnmnions which, while acting as 
a support, serve the further purpose of a means of 
entrance and exit for the steam. A third crank in 
the centre of the paddle-shaft works an air-pump 
placed between the cylinders. 

In the earlier steamers the paddles w&cQJvxed to the 
wheels, and painted a bnlliant red. Now, however* 
instead of being fixed, they are suspended in such a 
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? BB to enter and leave the water edgeways ; 
and in order that they may act with full effect upon 
the water, they assume a vertical position when at His 
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lowest point. When thus constructed they are called 
feathered paddle-wheels. 

It is interesting to know that although the use of 
the paddle-wheel in conjunction with steam dates from 
the commencement of the present century, the employ- 
ment of the paddle-wheel itself is as ancient as the 
time of the Egyptians. A specimen is also known to 
have been tried in Spain in the 16th century. 

Fig. 48 shows the usual form of paddle-wheel, that 
called the radial, in which the floats are fixed. It will 
be seen that a certain loss of power is involved, as the 
full force of the engine on the water is only experienced 
when the float is vertical This objection has great 
force at starting ; but when in full progress the action 
is less impeded by thw circumstance, the water in front 
being depressed, and that abaft being thrown into 
the form of a wave, so as in each case to offer a nearly 
vertical resistance to the float. 
The feathered paddle-wheel, fig. 49, is intended to over- 
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come the dr&wbacka to the radial Id it the floats are 
mounted on axes, and are connected by rods, mtb a 



Fit.iB. 

common centre, which is made to revolve eccentrically 
to the axis of the paddle-wheel By this method the 



floats are kept while immersed, at right angles to the 
surface of t^e vater, and so long as the water is smooth 
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and the inunerEdon constant, the gain is great ; conse- 
qufintly feathered floats are much used in river steamers. 
A recent wheel, called the Cycloidal, has the floata 
divided into smaller sections, in order that the action 
on the water may reach the maximum of uniformity. 
Models of Faddle Engines, such as shown at fig. 50, 
and suitahle ior fitting into various sizes of hoata, are 
always procurable at the shops ; or if it he desired to con- 
struct one, the separate parts may be purchased and put 
together in accordance with the detailed instructions 
given at page 37, observing, of course, certain minor 
modifications, chief among which should certainly he 



the providing of watertight compartments to prevent 
sinking ; for it would be indeed a grievous loss, after 
incurring the' expense and trouble involved in pur- 
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cliasing and making a Model Steamer, to eee it sink 
some fine day in three fatboma of water. 

Some of the models which are sold complete are 
furnished with these very necessary aiiiight compart- 
ments fore and aft, leaving only the hold of the vessel 
amidships liahle to be filled in the event of " shipping 
a sea." In other words, it is only the engine-room 
which is really open, and this, on removing the deck 
and hatebes, is found to contain a pair 
of Brass Oscillating Engines, upright 
boilers, brass funnels, and spirit foun- 
tains. The model shown at fig. 47 
has usually japanned black and gold 
upper work, and a copper bronzed 
bottom, and is furnished with hurri- 
cane deck and patent steering gear, ^'^- *"■ 
enabling "the captain" to fix the rudder at such an 
angle that, starting at any given point on a lake or 
river's bank, the "good ship" shall come in at any 
"desired haven" previously determined on. Fig. 51 
shows a double-action oscillating cylinder, with the 
trunnion upon which it works. 

Fig. 50 gives a view of a pair of oscillating cylinders 
with double-crank axle, suitable for a model paddio 
steamboat, one cylinder being shown in section, with 
the channels for the entrance and exit of the steam. 

The comprehension of figs. 50 and 52 will he facili- 
tated by considering them together. The drawing on 
page 77 gives the view which would be obtained by 
making a longitudinal section of a model screw boat, 
while the outline on page 74 is a transverse section of 
a model paddle boat. In the latter ca^e the boiler is 
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necessarily omitted, but as the form is essentially 
similar in both cases, the reader is referred to fig. 52 
for a view of a boiler suitable for fig. 50. The follow- 
ing is a list of the parts indicated in fig. 50 :— 

AA. Axle. HH. Section of bull. 0. Waste-pipe. 

BB. Bearings. I. Steam-pipe. PP« Paddles. 

GC. Cylinders. K. KeeL QQ. Stuffing-box. 

DD. Section of deck. L. Steam-cbest. £B. Cylinder-coyers 

FF. Fan-ligbts. M. Piston. SS. Standards. 

6. Foundation-plate. NN. Cranks. TT. Trunnions. 

One crank is shown at its dead point with the 
piston at the top of the cylinder, and the other being 
fixed on the axis at right angles to the first brings the 
piston simultaneously at half-stroke, and this mutual 
relation being constantly maintained, there is a reci- 
procity of action which insures each piston getting the 
other off the dead point. 

The internal construction of the steam-chest in this 
model, as well as the face of the cylinders, is precisely 
the same as shown at Q and R, fig. 52. The relation 
of the lamp, boiler, steam-pipes, and machinery is also 
very similar to that shown in the same drawing. 

In fitting a marine engine, either paddle or screw, 
into a boat, it is of the first importance to have a level 
bearing prepared for it to rest upon, and also to have 
the main axis of the whole machinery coincident with 
the axis of the boat, and thus insure all the vertical 
parts of the engine being parallel with the sides of the 
boat, and at the same time preserve an even balance. 

Models of Maeine Screw Engines. 

In sea-going ships propelled by steam the screw is 
slowly but surely superseding the paddle ; accordingly 



THE MODEL STEAU-ENGIKE. 77 

our friends, the Fhiloaopbical loistrument makws, ever 
on the alert, are supplying charmingly accurate little 
models of this, as well aa the other forms of enginen 
already referred to : some particulars about them will 
now claim attention. 

The advantages attaching to the screw form of pro. 
peUer are numei-ous, not the least among them being 
the absence of paddles and paddle-boxes, the ability to 
do with less fuel, and facility in " unshipping " the 
screw in weather fiivourable for sailing. 

The forms of engines are varied, some acting directly 
on the screw shaft, and others by intermediate gear- 
ing. When the direct-acting oscillating cylinder is 
employed, the cylinders (sometimes four in number) 
are, on account of the necessity for keeping the play 
of the reciprocating parts within as small a height aa 
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possible, arranged horizontally on either side of the 
acrew-shafb. A great disproportion exists between the 
diameter of the cylinder and the length of stroke of 
the piston, and this speinal construction is adopted in 
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order that the screw may be driven with much greater 
rapidity than the paddle. 

The Screw-Pbopeller is of the same construction 
as the common Screw (y. v.), but with the narrow 
thread exaggerated into a broad, thin plate, and the 
cylinder diminished to a mere spindle. One complete 
turn of such a screw is shown in fig. 63. Now, if a 
screw of this form were turned round in an unyielding 
substance, as wood, it would for each turn advance as 
much as the centre of the.blade (or thread) had moved 
along the spindle in forming the screw, i.e., the distance 
db. If the screw be fixed beneath a ship, and made to 
revolve in the water, the water takes the place of the 
wood ; but as it is less stable than that substance, a 
certain part of the advancing power is lost, which loss 



Fig. 63. 

is called the slip of the screw. In practice, this slip 
amounts to from 1 to 30 per cent. 

It is obvious also that on the same spindle there may 
be more than one blade, provided that all the blades 
have the same pitch or rate of progression along the 
spindle (in fig. 53, a & is the pitch of the screw). Screws 
have thus been formed with two, three, four, and six 
blades or arms, but the form most commonly used is 
two blades for ships-of-war, and three blades in the 
merchant service. 



THE MODEL STEAM ENGINE. 79 

If the screw be cut off before attaining the length 
oi of a whole convolution, as at c, the portion ac 
will still retain all the properties of the screw. 
The maximum of power is obtained from a screw 

6 
whose length is Jth of the pitch, ie., where ac= — . 

ah 
A screw of this length with two blades is shown in fig. 
64, being perhaps the most common form in use. The 
speed of a screw in a given time 
is equal to the pitch multiplied by. 
the number of revolutions, and 
the product diminished by the 
slip. 

The following are the technical 
terms applied to the screw-pro- 
peller: — The ehaft or spindle is 
the cylindrical axis on which the ^«- ^• 

screw revolves, and is the medium for communicating 
to it the power of the steam engine ; the blade is the 
thread of the screw ; the pitch, the length of shaft on 
which the blade would make one complete turn ; the 
dia/meter, is the distance between the tips of opposite 
blades ; the length, is the fraction of the pitch actually 
employed ; the slip, the loss of power from the yielding 
of the water. 

Several varieties of screw have been introduced, 
each finding many supporters. Perhaps the most effi. 
cient, under aU circumstances, is Griffith's, which is 
shewn in fig. 55. Here the blades, in place of rising 
from the shaft itself, spring from a hollow sphere 
occupying one-third the screw's diameter. 
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The comparative advantages of the paddle and screw 
may be thus stated. Under favourable circumstances, 

in ships of equal tonnage and 
power, there is little difference 
in speed or force. Before the 
wind, the paddle has a slight 
advantage ; with the wind 
ahead, the resistance offered 
by the paddle-boxes transfers 
the advantage to the screw. 
The paddles in the paddle-steamers act as outriggers, 
and the centre of gi-avity being, from the position of 
the engines, higher (as will be understood from the 
outline in fig. 56), a much softer motion is imparted to 
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Fig. 66.— 'A B, Water line. 

the whole vessel For lakes and rivers, where the water 
is smooth and the voyage short, paddles are best, and 
more especially so when the water becomes often shallow 
or is choked with weeds which wottld soon clog the 
screw. 

It is proper to observe that some eminent engineers 
deny that the action of the screw-propeller is to be 
assimilated to that of an ordinary screw making its 
way through wood. They assert that the motion of 
the ship is caused by the pressure of the solid water 
from behind the screw, while the action of the screw 
creates a void in its front. In proof of this, experi- 
ment has shown that if a disc be placed before the 
screw and the screw still worked forwards, thfe ship 
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moves backwards, while, with the same motion of the 
screw, a disc behind it causes the vessel to move 
forward. Others, however, think that this effect of the 
disc can be sufficiently accounted for on the usual 
theory of the screw's action. 

The position chosen for the screw or fan is a square 
opening in the dead-wood of the ship in front of the 
rudder; a horizontal rotatory motion is imparted to 
the axis by the engines, and it is the resistance of the 
water to this motion which propels the ship. 

The model shown in section at fig. 52 is intended 
to illustrate the construction and mode of working 
in a Screw Engine. It contains {)arts corresponding 
to a large engine, either in form, situatioD, or purpose, 
as follows : — 

A. Gauge-tap. I. Steam-cheat. S. Gtank. 

B. BoUer. £. Cylinder. T. teew-shaft. 

C. Plug for filling. L. Trunnion. tl. Bobs. 

D. Safety-valve. M. Plummer-block. V. The Screw. 
£. Funnel. N. Bed-plate. W. Foundation. 

F. Steam-tap. 0. Stuffing-boz. X. Wooden Stand. 

G. Union-joint. P. Piston-rod. Y. Waste-pipe. 
H. Steam-pipe. 

The outline nearest to the funnel, fig. 52, is a 
separate view of one of the four standards support- 
ing the bed-plate, and the drawing next to it is a 
perspective view of the screw V. Q is a view of the 
inside of the steam-chest, showing the passages for the 
entrance and exit of the steam. The ends of the steam 
and waste pipes H and T are shown at the top of the 
steam-chest. R is a view of the face of the cyli/nder 
which oscillates over the semicircular grooves in the 
steam-chest, thus allowing the steam to enter alter- 
nately above and below the piiton. 

F 
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It 18 almost needless to observe that in the construc- 
tion of an engine of this kind it is of the first importance 
that these two faces should be carefully filed or ground 



to move one over the other with the least amount of 
friction consistently with their bemg steamtight Due 
allowance being made for the (dteration in form neces- 
sary to fit it for the hold of a model boat, this engine 
will be seen to resemble in principle one of the simple 
oscillating models shown on pages 22 and 24, except 
that the cylinder is turned upside down. 

The reaction or resistance engines, described at 
pages 7 and 8, have their counterparts among 
Marine Engines, and fig. 57 represents one form of 
them which is small enough to be navigable in a 
basin, and may be fairly called a parlour steamboat. 
Some are made in imitation of the celebrated Cigar- 
Ship " Rosa Winans," and vary in length from 6 or 9 
inches up to 4 feet 

A small pond or lake, free from currents, will be 
found most convenient for working them, and the 
method is as follows : — The boiler, B, is furnished with 
a very minute hole through which only the point of a 
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very fine needle can pass; and as pouring water in 
through so small nn opening is impossible, the principle 
that ''nature abhors a vacuum" has to be resorted to. 
The vacuum is made by heating the boiler, and while 
it is still hot plunging it under cold clean water. The 
air having been expelled by heat, the sudden cooling 
produces a partial vacuum, into which the water rushes, 
and the boiler soon becomes full When nearly filled 
it is placed with the open end exactly opposite the 
steam-pipe S, in the rests R R, and the spirit-tank or 
furnace F, previously charged with cotton wool and 
spirit, is ignited, and in a few seconds " off she goes." 
The smallest sizes of these boats, usually sold at a shil- 
ling, will go for a quarter of an hour, and if, as often 
happens in large towns, a pond be not available, a large 
tub maybe used, in the centre of which an upright 
rod fastened into a lead weight resting on the bottom 
is placed ; a piece of string fastened to the bow of the 
boat, and attached to the rod, will make it steam round 
the tub without striking the sides. 

The speed of the boat depends upon the degree of 
pressure under which the steam enters the steam-pipe, 
and this is regulated by the size of the aperture at the 
nozzle end of the boiler ; although, therefore, it is of the 
first importance to keep this open, yet care should be 
taken to use for the purpose the finest needle obtain- 
able, or the little boiler will soon become useless. 

Brass Tuening and Fitting. 

The following list will instruct the reader as to what 
is necessary to be procured for the purpose. 
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A Lathe with suitaUe chucks, a set of drillB, and a few ordinary tools 
for wood and metal. 
A Vice. Medium size for the bench, and a small hand-vice. 
Files. A set of fine, various sizes, flat, round, and square. 
Gabpsmtee's Tools. A few ordinary ones for pattern-making. 
Centre punch. Screw-plate and taps. 

Callipers, inside and outside. Fine frame saw. 

Anvil to fix in the bench-vice. Biveting hammer. 
Dividers— ^small iron. Spirit lamp for soldering, temper- 

Pliers.— Iron Square. ing drills, &c. 

Iron straight-edge. OiL — Oil can. 

Set of broaches. Chloride of zinc for soldering. 

Scribing gauge. Lacquer. — ^Naphtha. 

Surface plate. Fine emery cloth. 

Archimedean drill-stock & drills. Cotton wick.— Feather of quill. 

Having prepared a drawing of the style of engine to 
be modeUed, working drawings of the various parts 
should then be made of the natural size (if convenient) ; 
but should the model be of somewhat large dimensions, 
they may be drawn to some convenient scale. 

Where castings are required, as in the case of the 
cylinder, fly-wheel, &c., exact patterns must be made in 
the wood, and with great care : pine, deal, or mahogany, 
with straight grain, are the best woods for pattern- 
making. Care should be taken to taper the parts which 
enter most deeply into the sand, for the purpose of 
allowing them to be easily withdrawn. Sharp internal 
angles should also be avoided, as they leave sharp edges 
of sand which are liable to be broken off on pouring 
the fluid metal into the mould. Small sprigs or brads 
are better than glue for joining parts together. Pat- 
terns are better i£ painted or well brushed with black- 
lead. In small models very few patterns are required, 
as almost all the parts can be made out of brass wire 
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and sheet, which may be purchased at the shops, either 
square or round, and of any required size. 

Haying obtained the metal for our model, either in 
the form of a casting or otherwise, it will have to be 
fitted and finished, either by turning or filing. For the 
purpose of turning, a lathe is an indispensable machine. 

The Lathe. — ^When it is remembered that the most 
ponderous artillery and the largest columns, as well as 
the minutest pivots of watchwork, are worked into 
shape by means of this instrument, it will be under- 
stood that no adequate description of its varied appli- 
cations can be given in a few short pages. It may 
however, be stated briefly that one of the indispens- 
able conditions of ordi/nary turning is, that the work 
should be placed between two centres, at a distance 
from each other, in the o/ods of rotation, and that the 
"tool" should be held in the hand, supported by a 
steady bar or piece called the rest, or else placed in a 
slide-rest. The velocity of rotation may be extremely 
great in wood, slower in brass and bell-metal, still 
slower in cast kon, and slowest of aU in forged iron or 
steel, because a certain time appears to be requisite for 
the act of cutting to take place, and the tool itself, if 
heated by friction, will instantly become soft and cease 
to cut. Iron and steel require to be kept wetted, but 
this is unnecessary^ with brass. 

The foot-lathe, the most common and generally 
useful form of lathe, is furnished with a head-stock or 
fast-head. This head-stock, H H (fig. 58), consists of 
two supports or puppets firmly connected at their base, 
and fastened at right angles to the bed by means of 
the screws A A ; the outer puppet is pierced for the 
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screw S, and the inner is supplied with a steel collar 
within which the mandrel, M, which caorries the speed- 
pulleys, P, turns. The left end of the mandrel is con- 




Fig. 68. 

cave, so as to allow the steel point of the screw, S, to 
fit closely. R is a re&ty which slides along the sUt 
between the two beams of the bed, and may be clamped 
at any point, and elevated or depressed as is found 
necessary. The rest is used by the workman for lean- 
ing his cutting tool upon, in order to afford it greater 
steadiness. G is the right-hand puppet front-head, 
or tailrstock, moveable along the* slit in the bed, and 
capable of being {Seustened like the rest ; its point, I, 
can be advanced or retired as required by means of the 
screw J. C is the spindle, which, being connected 
with the treadle W by means of the rods or chains 
E E, turns the fly or foot wheel F, and by means of 
an endless band connecting the latter with the speed- 
pulleys, communicates motion to the mandrel. The 
pulleys on the spindle and mandrel are of different 
sizes, and so arranged that, when the endless band is 
placed on the left-hand pulleys, an extremely rapid 
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motion is communicated to the mandrel, the motion 
being reduced more and more as the band is trans- 
ferred more to the right, till, at the extreme right, the 
rotatory motion is much slower than that of the 
spindle. When the foot-lathe is required for centre- 
work, the inner end of the mandrel is furnished with' a 
point similar to I ; but when hollow or inside work is 
to be done, it must be armed with a screw, as in the 
figure. In the latter case certain contrivances, known 
as chucks, for holding the work, are screwed on to the 
end of the mandrel. Some of those commonly used are 
the screw-chuck, which shows on its right side a flat 
circular surface, from the centre of which projects a 
large, coarse, conical screw for holding firmly any large 
piece of wooden work ; the hollow chuck, a strong 
circular cup with perpendicular sides, into which one 
end of the work is firmly fastened by a mallet, or, if 
too small, by four screws working inwards through its 
sides ; the driU-chuck, a cylindrical form similar to 
the last, but with a square cavity for holding drills, 
the instrument, and not the work, being made to 
rotate in this instance ; and the concentric chuck, a 
most ingenious piece of mechanism — a flat plate with 
two slits almost to the centre, and in a line of a dia- 
meter, within which slits works a spindle, with screw- 
ends carrying two steel studs, whose heads project 
through the slits above the surface on the right side. 
These heads carry two cur\'ed pieces, which serve as 
clamps to hold the work ; and as the spindle-screws 
are of the same fineness, and with right and lefb threads, 
the revolution of the spindle either removes both fur- 
ther from the centre, or brings both nearer to it ; hence, 
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when the studs are once set at equal diBtancea from the 
centre, they always remain so, and the work may be 
■ removed and replaced witliout danger of destroying the 
adjustment. All the«e chucka are of metal, and are 
mostly employed for heavy work ; turners of wood or 
ivory preferring wood chucks, which can be altered as 
required, and secured by an iron ring roimd the outside, 
to prevent splitting. The cutting tools employed are 
very various : gouges are used to rough out the work 
— if soft wood, — after which chisels with a straight 
oblique edge are employed. The instruments for harder 
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materials, such as ivory or bone, are smaller than the 
former, and have their sharp edges "better backed ; " for 
inside work, drills are first employed to make an open- 
ing, and then cutting took of various shapes are 
employed, according to the form which is wished to be 
given to the interior surface. To avoid the imper- 
fections in the workmanship arising from unsteadiness 
of hand in the workman, the aUde-^eat (fig. 59) is 
employed. This valuable addition is furnished with two 
motions, strung at once on the mandrel^ and the fixed 



THE MODEL STEAM EN6IKE. 89 

guide is brought into gearing by means of a steel band 
called a rubber, with one rosette after another. Similar 
concentric curves of greater or less perimeter are 
obtained by removing the slide-rest from, or bringing it 
nearer to, the axis of revolution. 

Tools for Lathe, &c. — Among these Chucks of 
various sizes, both brass and wood, also wire chucks 
with tightening screws for screw-making, are indis- 
pensable. Brass chucks are used for screwing work 
in and on, as the thread is more permanent than in 
wood. Wood chucks require care in using to prevent 
their bulging the work, as they are apt to swell, 
especially if the work is at all damp ; this should be 
speciaUy guarded against in working with tube, &a 

Arm Best. — This is a long piece of wood with a 
hook in the end, and is an important aid in inside 
work. It is held under the arm while the tool rests 
on it. 

A set of wire-chucks^ capable of taking various sized 
wires (say from 1-1 6th to 3-8ths inch), will be found 
of great value, especially if self-centring ; but these 
latter are somewhat expensive additions to the 
amateur's lathe. 

In turning metal work, either in brass, steel, or iron, 
great care should be taken, in the first place, to chuck 
the work firmly ; it can then be turned down accurately 
to the required form with a graver or other suitably 
formed tool, and finished with a fine file and oil while 
running in the lathe ; or if a high finish is required, very 
fine emery cloth with plenty of oil must be used. 
After a solid piece of brass has been fitted to the chuck, 
— ^it is, 1st, "roughed down'' with a graver to the 
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required form ; 2nd, smoothed with a planisher ; 3rd, 
polished with a fine file, or with oil and rotten-stone. For 
vnaide or hollow work, after " roughing out " with a 
graver, it is smoothed with a side tool, finished with a 
fine side tool, and polished with oil and emery cloth as 
for outside work. A steam cylinder must be bored out 
by a side tool fixed in a slide-rest, which is forced for- 
ward by the screw while the cylinder is revolving. 

A RouoHiNa Tool, or Graver. — These are made of 
various shapes, some tapered to a point, and others 
square with sharp edges: they are always the first 
tools used to shape, &c. A Gouge is similar to a half- 
round chisel, and is used for turning wood, taking the 
same place as the roughing tool does in metal work. 
^de tools to cut at the side. Parting fools, narrow and 
sharp, for parting work. A Milling tool is similar to 
a steel cog-wheel fitted to turn easily in a steel frame, 
which is fixed in a handle and pressed against work 
whilst it is in motion on the lathe. 

Circular Saw can be bought to fit the lathe, and 
will be found useful for cutting tube, &c. 

Drills. — ^A set of drills should be thin and exceed- 
ingly taper at the point. 

Screws. — In making small screws, chuck the wire as 
for other work, turn down to the proper size, and then 
press the screw-plate against the end, working the 
mandrel of the lathe slowly by hand into it ; and the 
bv/rrs being turned off, the head may be turned and 
polished or filed hexagonally, and cut ofi" with a part- 
ing tool ; if the heads are turned, the notches may be 
cut across with a fine frame saw. 

The Vice. — The operations performed with this 
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indispensable requisite receive the general title of 
" fitting/' and in tbe case of solid blocks of brass or 
other metal they are fixed directly between the jaws ; 
while castings or plates such as form the bed-plates of 
a model locomotive are let into a wood block which is 
previously carved for the purpose, or are temporarily 
secured by pins. The work, having been previously 
marked out with the scribing-gauge, is fixed and filed 
away to the lines, with coarse or fine files as the case 
may require, and finished with emery doth and oil 

Clams are indispensable adjuncts to the vice, the 
jaws of which they are intended to cover so as to pre- 
vent the teeth which are of hardened steel firom injur- 
ing the work in the process of finishing. They are 
made either of wood, lead, or brass, according to the 
nature of the material intended to be clasped by 
them. 

The Hand- Vice is a convenient tool for holding 
small work, and the occasions for its employment will 
suggest themselves. 

Files. — These are of various shapes and degrees ot 
fineness in cut: a rasp is very coarse for roughing 
down wood, &c. Afloat is similar to a file, except that 
the teeth are not crossed, but parallel, and in one 
direction. It is used for zinc, lead, &c., also for 
smoothing and getting the marks out of tube on the 
lathe ; " rough "files are used for shaping ; " bastard " 
files may be obtained any shape. ''Smooth'* Dead 
Smoothsy the finest of all, complete the various forms 
of files. 

SUBFACE Plate is a moderate sized blodk of iron, the 
surface of which is planed perfectly flat by machinery. 
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It is used for grinding the £Bices of cylinders, flattening 
surfaces, &c., by the aid of emery powder of various 
degrees of fineness. It should be carefully protected 
when not in use, as any injury to its surfa.ce mars its 
usefulnesa 

Small Surface Plate to hold in the vice is very 
useful for flattening and straightening wire, &c. 

Centre Punch. — A small piece of steel tapering 
down to a point at one end for marking out work, &a 

Broaches may be made five-square round, or fluted, 
and are indispensable adjuncts to the work-bench, 
specially useful for enlarging circular aperturea 

Screw Plates and Taps. — ^These stand in close re- 
lation to each other, and the best course for an amateur 
is to buy the first, as a means of making the second, con- 
tenting himself with the variety of threads furnished 
in the purchased article. This being procured, an out- 
side screw-tap is made by forcing a tapered piece of 
soft steel into a hole of the desired size in the screw-plate 
which has been previously fixed in the bench vice. A 
free use of oil is necessary in this operation, and a due 
readiness in {)erforming it is soon acquired by a little 
practice. 

Pliers. — ^An adequate assortment of flat nose, round 
nose, and two-hole of different sizes should always be 
available. 

Hatchet Iron. — Used for producing sharp curves 
or comers in sheet metal It is suitably shaped for 
holding in the vice, and is furnished with a sharp 
blade of steel across the top. 

Buffs. — Leather-covered strips of wood used with 
Bath brick-dust to clean and polish bright. 
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Spinninq Bubnishebs axe used in working sheet 
metal on the lathe. 

Burnishers are highly poUshed and variously- 
shaped pieces of steel, used for polishing metal ; they 
are moved swiftly over the part to be made bright* 
and a little weak beer facilitates the operation. 

Frame Saw is used for cutting different kinds of 
metal, and is furnished with a thumbscrew to impait 
varying degrees of rigidity, according to the nature of 
the work to be done. 

Grindstone. — A small "hand'* one will be found 
to meet the requirements of an amateur; it should 
always be used with water, to prevent the softening of 
the tool, which should be held firmly with the view of 
economizing the stone itself. 

OiLSTONES.-7-In using these for sharpening, the 
tool should be held in a nearly vertical position while 
moved slowly but firmly backward and forward. Olive 
or almond oil may be used indifferently as a lubri- 
eating material. 

Vice Blocks. — Of various sizes, shapes, and patterns, 
used as supports upon which to bend tubes. Large 
tubes are sometimes filled with lead to prevent the 
cracking of the tube during bending. Blocks with 
projecting pins are used for finishing off such flat work 
as bed-plates, sides of locomotives, &c. 

Soldering and Soldering Iron. — ^This is made 
red-hot, and the pieces to be soldered are placed to- 
gether and their edges sprinkled with rosin or sal am- 
moniac The hot iron first touched on a piece of rosin 
to clean it, is then applied to the joint, a piece of soft 
solder being applied at the same time, and as this 



